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(54) MANUFACTURE OF SOLID POLYMER ELECTROLYTE BATTERY, SOLID POLYMER ELECTROLYTE 
BATTERY, AND NONAQUEOUS SOLUTION ELECTROLYTE FOR BATTERY 

(57) Abstract: 

PROBLEM TO BE SOLVED: To enhance the extraction 
efficiency of a plasticizer and provide a battery 
with no adverse effect caused by the remaining 
extracting agent by using the specified silicone 
compound as an extracting agent of the plasticizer 
in the manufacture of a solid polymer electrolyte 
battery using a nonaqueous solution electrolyte by 
jointly using the plasticizer. 
SOLUTION: A solid polymer electrolyte battery is 
manufactured in such a process that a polymer 
composition containing a plasticizer and a polymer 
compound is formed in layer, the plasticizer is 
extracted with at least one low molecular weight 
organic silicone compound selected from a chain 
organic silicone compound represented by formula I 
(R is the same or different, non- substituted or W 
substituted monovalent organic group, m is an 
integer of 0-7.) and a cyclic organic silicone 
compound represented by formula II (R is the same 

meaning as R in formula I, n is an integer of 3-10.). A nonaqueous solution 
electrolyte is impregnated in the polymer compound layer from which the plasticizer 
is extracted to form a solid polymer electrolyte layer. 
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* NOTICES * 

Japsui Patent Office is not: responsdLble for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] ~~ ^ ^ ^ " ^ " 

[Claim 1] The aforementioned plasticizer after fabricating the macromolecule constituent containing 
a plasticizer and the aforementioned high molectilar compound in layers in the manufacture method 
of a solid-state polyelectrolyte type cell that opposite arrangement of a positive electrode and the 
negative electrode was carried out, through the solid-state polyelectrolyte layer which has a high- 
molecular-compound layer holding the nonaqueous-solution system electrolytic solution. [Formula 1] 

R R R 

I I I 

R"S i i -Oh^^S i -R 

R R R 

gift© mo^m^i^ ffl{4 0- wmAi:^t) 

the c hain-like organic silicon compound come out of and expressed — and . [Formula 2] 
R 

_4Si-0)— 
R 

C^*^ RJi^-^fcttftM^iS^fi^ifcfi 

It is coming out and being chosen out of the annular organic silicon compound expressed that it is 
few. The manufacture method of the solid-state polyelectrolyte type cell characterized by having the 
process which carries out dissolution extraction using one sort of low-molecular-weight organic 
silicon compounds, and the process at which the aforementioned plasticizer sinks the aforementioned 
nonaqueous-solution system electrolytic solution into the aforementioned high-molecular-compound 
layer by which dissolution extraction was carried out, and forms the aforementioned solid-state 
polyelectrolyte layer in it. 

[Claim 2] It is being chosen out of the aforementioned positive electrode and a negative electrode in 
the manufacture method of a solid-state polyelectrolyte type cell according to claim 1 that it is few. 
The active material layer of one electrode After fabricating the macromolecule constituent containing 
the high molecular compoimd, active material, and plasticizer holding the aforementioned 
nonaqueous-solution system electrolytic solution in layers. The manufacture method of the solid-state 
polyelectrolyte type cell characterized by sinking in and forming the aforementioned nonaqueous- 
solution system electrolytic solution in tiie high-molecular-compound layer containing the 
aforementioned active material which carries out dissolution extraction of the aforementioned 
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plasticizer using the aforementioned low-molecular-weight organic silicon compound, and by \;^ch 
dissolution extraction of this plasticizer was carried out 

[Claim 3] The manufacture method of the solid-state polyelectrolyte type cell characterized by using 
the nonaqueous-solution system electrolytic-solution constituent containing the aforementioned low- 
molecular-weight organic silicon compound as the aforementioned nonaqueous-solution system 
electrolytic solution in the manufacture method of a solid-state polyelectrolyte type cell according to 
claim 1. 

[Claim 4] The manufacture method of the solid-state polyelectrolyte type cell characterized by using 
a fluoride vinylidene or fluoride vinylidene-hexafluoropropylene copolymer as the aforementioned 
higih molecular compound in the manufacture method of a solid-state polyelectrolyte type cell 
according to claim 1 . 

[Claim 5] It sets on the soUd-state polyelectrolyte type cell possessing the solid-state polyelectrolyte 
layer which has a high-molecular-compound layer holding the nonaqueous-solution system 
electrolytic solution, and the positive electrode and negative electrode by which opposite arrangement 
was carried out through the aforementioned solid-state polyelectrolyte layer, and is the 

aforementioned nonaqueous-solution system electrolytic solution. [Pormula 3] 

R R R 

« * ^ I -I 



R 

It is coming out and being chosen out of the annular organic siUcon compound expressed that it is 
few. SoUd-state polyelectrolyte type cell characterized by the bird clapper from the nonaqueoiis- 
solution system electrolytic-solution constituent which contains one sort of low-molecular-weight 
organic silicon compounds as an ion conductivity unprover. 

[Claim 6] In a solid-state polyelectrolyte type cell according to claim 5, an electrolyte, the 
aforementioned low-molecular-weight organic silicon compound, and a solvation coefficient (SP 
value) the aforementioned nonaqueous-solution system electrolytic-solution constituent Solid-state 
polyelectrolyte type cell characterized by containing the hydrocarbon system solvent of 4-13 at least 
[Claim 7] It is the solid-state polyelectrolyte type cell by which the aforementioned high-molecular- 
compoxind layer is characterized by the bird clapper from a fluoride vinylidene or fluoride vinylidene- 
hexafluoropropylene copolymer in a soUd-state polyelectrolyte type cell according to claim 5. 
[Claim 8] 
[Formulas] ^ 
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the chain-like organic silicon compound come out of and expressed - and . [Formula 4] 
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the chain-like orgamc silicon compound come out of and expressed — and . [Fomiula 6] 




It is coming out and being chosen out of the annular organic silicon compound expressed that it is 
few. The nonaqueous-solution system electrolytic solution for cells characterized by the bird clapper 
fix)m the nonaqueous-solution system electrolytic-solution constituent which contains one sort of 
low-molecular-weight orgamc silicon compounds as an ion conductivity improver. 
[Claim 9] In the nonaqueous-solution system electrolytic solution for cells according to claim 8, an 
electrolyte, the aforementioned low-molecular-weight organic silicon compound, and a solvation 
coefiBcient (SP value) the aforementioned nonaqueous-solution system electrolytic-solution 
constituent The nonaqueous-solution system electrolytic solution for cells characterized by containing 
the hydrocarbon system solvent of 4-13 at least 

[Claim 10] Setting to the nonaqueous-solution system electrolytic solution for cells according to 
claim 8, the aforementioned nonaqueous-solution system electrolytic-solution constituent is tiie 
aforementioned low-molecular-weight organic silicon compound. 3 - 95 % of the weight The 
nonaqueous-solution system electrolytic solution for cells characterized by containing in the range. 



[Translation done.] 
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Japan Paten^t Office is not responsible for any 
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1 .This document has been translated by computer. So the translation may not reflect the origmal 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which mvention belongs] this invention relates to the nonaqueous-solution 
system electrolytic solution for cells used for the manufacture method of a solid-state polyelectrolyte 
type cell of having used the nonaqueous-solution system electrolytic solution, a solid-state 
polyelectrolyte type cell, and a nonaqueous-solution system cell. 
[0002] 

[Description of the Prior Art] It is indispensable to the electrolytic solution of the lithium cell which 
dislikes water in order to react violently with moisture from a standpoint with practical usmg the 
nonaqueous-solution system electrolytic solution, and such a lithium secondary battery is well known 
as a nonaqueous-solution system cell. Since the cell energy density is large, such a lithium secondary 
battery has been multiple-use-ized as a power supply of the cordless device which thinks small 
lightweight nature as important etc. Moreover, this cell function Development of the Uthium ion 
solid-state polyelectrolyte type rechargeable battery provided as an about 0.5mm single cell of a 
super-thin shape (LPB), i.e., the cell using the organic high molecular compound which has the 
maintenance fimction of the nonaqueous-solution system electrolytic solution as a solid electrolyte 
layer, is also performed actively, and utilization level is reached. Although improvement of many 
component engineerings, such as selection, cell constmction, etc. of the active material of a positive 
electrode and a negative electrode, has contributed to utilization of these rechargeable batteries, 
selection of the electrolytic solution is expected much more improvement in technical. 
[0003] Here, the strong-base solution of a potassium hydroxide is used for the electrolytic solution of 
a solution system cell, the liquid property that the operation effect of the electrolytic solution over a 
cell reaction here is the hypoviscosity of water, and is large, and the good ionic conduction nature of 
about 10 to 2 or more ohm/cm by the potassium hydroxide as solution have reaUzed exertion of a 
practical cell capacity required for a cell, and correspondence to a big load [ of specific inductive 
capacity ] On the other hand, by the nonaqueous-solution system cell, the present condition is racking 
one's brains for maintaining big ionic conduction nature compared with the solution system 
electrolytic solution stably, by the use potential difference of a cell, since there are few low Uquids 
(solvent) of viscosity. It is 50 % of the weight about the ion electrolyte content in the solid-state 
polyelectrolyte layer especially used in a LPB type. If it is not made a grade above, also theoretically 
and experimentally, it is checked that a fully practical cell is not obtained. 
[0004] In order to raise the content of the electrolyte in a solid-state polyelectrolyte layer, some 
methods are tried from the former. The technology As one, the method using the hi^ molecular 
compound which includes hetero atom teams, such as alkylene oxide, in the molecular structure as a 
solid-state polyelectrolyte layer is mentioned (refer to Japanese Patent Publication No. 6 No. -52671 
official report). Such a solid-state polyelectrolyte layer is 50 % of the weight about an electrolyte. It is 
known that it is possible to make it sink in above. However, since the hetero atom team which sank in 
the electrolyte becomes a sea phase in the macromoleciile stmcture vMch constitutes a solid-state 
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polyelectrolyte layer and the macromolecule principal chain except a hetero atom team forms the 
discontinuous phase, the fluidity of a discontinuous phase will increase an electrolyte, so that it high- 
sinks in. That is, the present condition is being unable to make [ many / that the electrolytic amount 
of sinking in is expected in order to present long-term use with an electrolyte as a practical cell from a 
bird clapper as a configuration is unstable so that it high-sinks in / so ] it 
[0005] As other methods, it is for example, the U.S. There is technology which sinks an 

electrolyte into this amorphous phase using the high molecular compound with which the crystal 
phase and the amorphous phase were intermingled as a solid-state polyelectrolyte layer as indicated 
by No. 5,456,000. although the instability of configuration maintenance which is seen m the solid- 
state polyelectrolyte layer which has the hetero atom team of the above-mentioned [ this technology ] 
is avoidable practically ~ electrolytic rate of impregnation — at most 30 - 40 % of the weight Since it 
is a grade, like 10-5 - 10-4 ohm/cm, only a degree is obtained but it passes over ionic conductivity 
low as a practical use cell. 

[0006] For this reason, the above-mentioned U.S. ****** In No. 5,456,000 The fluoride vinylidene- 
hexafluoropropylene copolymer used as a polyelectrolyte A plasticizer like a dibutyl phthalate, 
dimethyl phtiialate, and tris-butoxy ethyl phosphate is blended with polymeric materials like 
(describing it as a copolymer (VdF-HFP) hereafter). A film is produced using the raw material which 
blended this plasticizer, and a lower alcohol like ethanol, diethylether, a tetrahydrofiiran, and the 
technology that sinks in the nonaqueous-solution system electrolj^c solution containing an 
electrolyte after passing and carrying out extraction removal with a low boiler like Korean geisha are 
indicated in the plasticizer out of this film. By applying such a method, it is 60 - 70 % of the weight 
about the rate of impregnation of the nonaqueous-solution system (electrolytic solution. It can cany 
out and it is shown that ionic conductivity improves to 10-2 - 10-3 ohm/cm. 
[0007] When adopting the above-mentioned method, it is necessary to remove a plasticizer 
completely by the fiiel cell subsystem in order to start an oxidation-reduction reaction with the 
operating potential of a cell. However, it had the problem that the conventional extracting solvent 
which was mentioned above has the solubility of a plasticizer, and the inadeqxiate difiusion 
permeability inside a high molecular compound, and fiill extraction of a plasticizer takes it for a long 
time, and a problem which is referred to as having a bad influence on a fuel cell subsystem in 
response to oxidation reduction by the cell busy condition when an extracting solvent remains in a 
solid-state polyelectrolyte layer again. Furthermore, while each conventional extracting solvent 
mentioned above carried out dissolution extraction of the plasticizer, it shrank the high molecular 
compound used as a solid-state polyelectrolyte layer, and it had the fault of reducing the amoxmt of 
sinking in of the nonaqueous-solution system electrolytic solution. Moreover, when the work 
environment of the dissolution extraction process of a plasticizer etc. is taken into consideration, an 
extracting solvent is wanted to have the property of not checking earth environment as it is safe to a 
human body and is observed fiirther recently. 

[0008] On the other hand, an improvement aiming at much more improvement in charge-and- 
discharge efficiency etc. is desired about the nonaqueous-solution system electrolytic solution itself. 
That is, the nonaqueous-solution system electrolytic solution consists of ionicity compoimds 
(electrolyte) which are dissolved in an organic solvent and it and perform ionic migration in it. 
Among these, in addition to being a high dielectric constant, an organic solvent is asked for it being 
the low viscosity which makes ionic conduction easy in the operation temperature of a cell so that 
internal impedance of a cell may not be raised. Although high dielectric constant matter, such as 
ethylene carbonate, is used for die solvent of the conventional nonaqueous-solution system 
electrolytic solution, it is a solid-state, and the electrolytic solution actual since there are many liquids 
with high viscosity is mixed with the solvent of hypoviscosity, apparent electrolytic-solution viscosity 
is made low, and it is made not to spoil the mobility of a metal ion in ordinary temperature. 
Moreover, the solvent of hypoviscosity is expected to be the liquid which may raise the surface 
activity of an active material to an electrode active material layer in order to make metal ions, such as 
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a lithium ion, easy to intercalate or deintercalate. 

[0009] As a solvent of hypoviscosity with which a property which was mentioned above is 
demanded, although chain-like carbonate, such as dimethyl carbonate and HEME chill carbonate, etc. 
is used conventionally, when aiming at improvement in a cell property, the solvent which can raise 
the surface activity of much more reduction in the viscosity of the nonaqueous-solution system 
electrolytic solution or an electrode active material is called for. 
[0010] 

[Problem(s) to be Solved by the Invention] As mentioned above, in the manufacturing process of the 
solid-state polyelectrolyte layer of the nonaqueous-solution system cell which used the conventional 
plasticizer together, the extracting solvent of a plasticizer \;^ch has a property as shown below is 
called for. That is, even if the vapor pressure in the extraction temperature which does not shrink a 
high molecular compound at the time of the extraction of a plasticizer which carries out dififiision 
osmosis promptly to the interior of the high molecular compoxmd which solubility with a plasticizer 
is large, and surface tension is small, and constitutes a solid-state polyelectrolyte layer should 
vaporize promptiy greatiy and should further remain in a high-molecular-compound layer, while it is 
safe for the human body vdiich does not have a bad influence on a fuel cell subsystem, an extracting 
solvent of a plasticizer which does not check earth environment and which has the property of ** is 
desired 

[001 1] Moreover, about the nonaqueous-solution system electrolytic solution itself, while an 
improvement aiming at improvement in charge-and-discharge efficiency etc. is desired and 
specifically being able to form the nonaqueous-solution systpm electrolytic solution into low viscosity 
further, the solvent which can raise the surface activity of an electrode active material is called for. 
[0012] In case this invention was made in order to cope with such a technical problem, uses a 
plasticizer together and manufactures the solid-state polyelectrolyte type cell using the nonaqueous- 
solution system electrolytic solution, while it raises the amoimt of sinking in of the extraction 
efficiency of a plasticizer, etc. and the nonaqueous-solution system electrolytic solution It aims at 
offering the manufacture method of a solid-estate polyelectrolyte type cell and solid-state 
polyelectrolyte type cell which do not have a bad influence on a fuel cell subsystem even if an 
extracting solvent should remain in a solid-state polyelectrolyte layer. It aims at offering the 
nonaqueous-solution system electrolytic solution for cells which furthermore aimed at reduction in 
viscosity, and improvement in tiie surface activity of an electrode active material ftirther. 
[0013] 

[Means for Solving the Problem] The result which advanced examination about various solvents in 
order to attain the above-mentioned pxirpose, the low-molecular-weight chain-like organic silicon 
compound expressed with the following (1) formula - and - The low-molecular-weight annular 
organic silicon compound expressed with (2) formulas Are the right solution of the plasticizer used 
for (a) cell formation, dissolve almost all plasticizers easily and carry out extraction removal. Even if 
(b) sxirface tension compares with the conventional extraction solution 15 dyn/cm order, are small. It 
is easy to permeate the detailed portion of a cell composition constituent quickly. Do not shrink a 
high molecular compound at the time of extraction of the (c) plasticizer. (d) The vapor pressure in 
extraction temperature vaporizes promptiy greatly. Earth environment is not spoiled while it is very 
safe for the (e) human body. It has the various properties for which the extracting solvent of the 
plasticizer at tiie time of using a plasticizer together and manufacturing a solid-state polyelectrolyte 
layer is asked, and adds to it. (f) While being essentially hypoviscosity The viscosity change in the 
temperature requirement of a cell busy condition is small, is stabilized in the volatility of a metal ion, 
and can raise. There was littie change chemical under (g) cell service condition, and while not having 
a bad influence on a fuel cell subsystem, it foimd out having various properties for which the 
hypoviscosity solvent of the nonaqueous-solution system electrolytic solution is asked, such as being 
rich in degradation-proof nature. 

[0014] It is [Formula 7] about the aforementioned plasticizer as the manufacture method of the solid- 
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state polyelectrolyte type cell of this invention was indicated to the claim 1 , after having 
accomplished this invention based on knowledge which was described above, and fabricating the 
macromolecule constituent containing a plasticizer and the aforementioned high molecular compound 
in layers in the manufacture method of a solid-state polyelectrolyte type cell that opposite 
arrangement of a positive electrode and the negative electrode was carried out, through the solid-state 
polyelectrolyte layer which has a high-molecular-compound layer holding the nonaqueous-solution 
system electrolytic solution, 

R R R . 

\ \ \ 
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The chain-like organi c silicon compound come out of and expressed, and [Formula 8] 
R 

R (2) 

R{±l^^fcH;fflll<i:4*S^*fcli 

sm> mo^^^i:^ nit s-'iooim*^'^) 

It is coming out and being chosen out of the annular organic silicon compound expressed that it is 
few. It is characterized by having the process which carries out dissolution extraction using one sort 
of low-molecular- weight organic silicon compounds, and the process which sinks the aforementioned 
nonaqueous-solution system electrolytic solution into the aforementioned high-molecular-compound 
layer by which dissolution extraction of the aforementioned plasticizer was carried out, and forms the 
aforementioned solid-state polyelectrolyte layer. 

[0015] Moreover, the solid-state polyelectrolyte layer which has the high-molecular-compound layer 
in which the solid-state polyelectrolyte type cell of this invention held the nonaqueous-solution 
system electroljrtic solution, In the solid-state polyelectrolyte type cell possessing the positive 
electrode and negative electrode by which opposite arrangement was carried out through the 
aforementioned solid-state polyelectrolyte layer the aforementioned nonaqueous-solution system 
electrolytic solution the above The chain-like organic silicon compoxmd expressed with (1) formula, 
and the above it is chosen out of the annular organic silicon compoimd expressed with (2) formulas — 
at least - One sort of low-molecular-weight organic silicon compounds It is characterized by the bird 
clapper from the nonaqueous-solution system electrolytic-solution constituent contained as an ion 
conductivity improver. 

[0016] furthermore, the nonaqueous-solution system electrolytic solution for cells of this invention — 
the above The chain-like organic silicon compoimd expressed with (1) formula, and the above it is 
chosen out of the annular organic silicon compound expressed with (2) formulas — at least — It is 
characterized by the bird clapper from the nonaqueous-solution system electrolytic-solution 
constituent which contains one sort of low-molecular-weight organic silicon compounds as an ion 
conductivity improver. 
[0017] 

[Embodiments of the Invention] Hereafter, the form for carryiag out this invention is explained. 
[0018] 1 operation form which applied the manufacture method of the solid-state polyelectrolyte type 
cell of this invention to the manufacture method of the lithium secondary battery of a nonaqueous- 
solution system is explained. Before explaining the manufacture method in fiiU detail, the 
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composition of the rechargeable battery of a nonaqueous-solution system lithium is first explained 
with reference to drawing 1 . hi addition, this lithium secondary battery is 1 operation form of the 
solid-state polyelectrolyte type cell of this invention, and this invention is not limited to this. 
[0019] Drawing 1 shows, solid-state polyelectrolyte type the important section, i.e., the cell cell 
portion, of a lithium secondary battery of this operation gestalt, and 1 is the positive electrode which 
carried out laminating formation and constituted the positive-electrode layer 3 on the charge collector 
2. Moreover, 4 is the negative electrode which carried out laminating formation and constituted the 
negative-electrode layer 6 on the charge collector 5, and it is arranged so that the negative-electrode 
layer 6 of this negative electrode 4 may counter with the positive-electrode layer 3 of a positive 
electrode 1 . Between these positive electrodes 1 and the negative electrode 4, it intervenes so that the 
solid-state polyelectrolyte layer 7 may be located between the positive-electrode layer 3 and the 
negative-electrode layer 6. TTie cell cell 8 is constituted by these and a solid-state polyelectrolyte type 
lithium secondary battery is constituted by holding a winding object, a layered product, etc. of this 
cell cell 8 in a cell container. 

[0020] The above-mentioned positive electrode 1 has the structure which supported with the charge 
collector 2 the positive-electrode layer 3 as a barrier layer which consists of high molecular 
compounds holding an active material, the nonaqueous-solution system electrolytic solution, and this 
electrolytic solution, here - the various oxides 204 as an active material, for example, LiMn, etc. - a 
lithium manganese multiple oxide and LiNi02 etc. — a lithium content nickel oxide and LiCo02 etc. 
— cull GEKON compounds containing a lithium content cobalt oxide, a lithium content nickel cobalt 
oxide, and a lithium, such as for example, an amorphous vanadium pentoxide, etc. 2 titanium 
sulfides, and molybdenimi disulfide, etc. can be mentioned Especially, a lithiimi manganese multiple 
oxide, a lithium content cobalt oxide, and a lithiimot content nickel oxide are preferably used for a top 
with little degradation by electric field from the efiSciency of the charge which can be used as a cell 
being good. 

[0021] The nonaqueous-solution system electrolytic solution mentioned above is adjusted by 
dissolving an electrolyte in non-dradnage system solvents, such as an organic solvent. As a non- 
drainage system solvent, ethylene carbonate (EC), propylene carbonate (PC), Butylene carbonate 
(BC), dimethyl carbonate (DMC), Diethyl carbonate (DEC), ethyl methyl carbonate (EMC), gamma - 
A butyrolactone (gamma-BL), a sulfolane, an acetonitrile, 1, 2-dimethoxyethane, 1, 3- 
dimethoxypropane, a wood ether, organic solvents generally used as the electrolytic solution for cells, 
such as a tetrahydrofuran (THF) and 2-methyl tetrahydrofuran, - in addition, it mentioned above (1) 
formula - or - The low-molecular-weight organic silicon compound expressed with (2) formulas can 
be mentioned. 

[0022] Usually, a non-drainage system solvent is used as a mixed solvent which combined the 
solvent which has a high dielectric constant, and the solvent of hypoviscosity, and a low-molecular- 
weight organic silicon compoxmd can be used as a kind of a low viscosity solvent etc. In addition, the 
low-molecular-weight organic silicon compound used as a kind of this low viscosity solvent etc. and 
the nonaqueous-solution system electrolytic-solution constituent using this are explained in full detail 
behind. 

[0023] Moreover, as the above-mentioned electrolyte, the lithium salt of a lithium perchlorate 
(LiC104), a 6 fluoride [ phosphoric-acid ] litiiium (LiPF6), hoe 4 lithium fluoride (LiBF4), a 6 
fluoride arsenic lithium (LiAsF6), a trifluoromethane sulfonic-acid lithium (LiCF3 S03), a screw 
trifluorometiiyl SURUHOMECfflRUHONIRUIMIDO Ufliium [LiN (CF3 S03)2], etc. is mentioned, 
for example. The amoxmt of dissolutions to the non-drainage system solvent of these electrolytes It is 
desirable to consider as about 0.2-2 mol/L. 

[0024] An alkylene-oxide system high molecular compound like fluorine system high molecular 
compounds, such as a fluoride vinylidene and fluoride vinyUdene-hexafluoropropylene copolymer 
(V dF-HFP) (copolymer), and a polyethylene oxide as a high molecular compound holding the 
nonaqueous-solution system electrolytic solution which was mentioned above etc. can be mentioned. 
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In this case, it does not use independently as a binder of an active material, and (VdF-HFP) does not 
bar mixing with a copolymer and using poljrvinylidene fluoride and a fluorine system high molecular 
compound like a polytetrafluoroethylene. 

[0025] When producing by the same method as the solid-state polyelectrolyte layer 7 which mentions 
the positive-electrode layer 3 as a barrier layer later among the above-mentioned high molecular 
compoimds, it is desirable to use a fluoride vinylidene and a copolymer (VdF-HFP). In addition, in 
order to give conductivity to the positive-electrode layer 3, carbon black, such as an artificial graphite 
and acetylene black, nickel powder, etc. can be used together. 

[0026] Moreover, as a charge collector 2 of a positive electrode 1, the foil of alimiinum or nickel, a 
mesh, an expanded metal, punched metal, etc. are used, for example. 

[0027] The negative electrode 4 has the structure which supported with the charge collector 5 the 
negative-electrode layer 6 as an active material layer which consisted of high molecular compounds 
holding an active material, the nonaqueous-solution system electrolytic solxition, and this electrolytic 
solution etc., and it is arranged through the solid-state polyelectrolyte layer 7 so that the negative- 
electrode layer 6 may counter with the positive-electrode layer 3 of a positive electrode 1. Although 
the basic structure of a negative electrode 4 and a part of material of construction are similar with the 
positive electrode 1 mentioned above, a positive electrode 1 and the material in which it differs are 
the active material which intercalates a lithium ion, and the quality of the material of a charge 
collector 5. 

[0028] That is, in a lithium ion, it is possible occlusion and to emit, namely, to intercalate and 
deintercalate to the active material which is one of the components of the negative-electrode layer 6, 
for example, carbonaceous material is used for it. The carbonaceous material represented by what 
calcinates organic high moleciilar compoimds, such as phenol resin, a polyacrylonitrile, and a 
cellulose, for example, and obtained as this carbonaceous material, the thing which calcinates corks 
and a pitch and is obtained, artificial graphite, natural graphite, etc. can be mentioned. Especially, it is 
under an ordinary pressure or reduced pressure in inert gas atmosphere, such as an argon and 
nitrogen. It is known that the mezzo-soprano carbon which calcinates the above-mentioned organic 
high molecular compoimd, and is obtained at the temperature of 773-3273K is excellent in the 
intercalation property of a lithiimi ion. In order to aim at conductive improvement, of coiu^se, you 
may use KETCHIEN black, carbon black, etc. together. 

[0029] Moreover, as a charge collector 5 of a negative electrode 4, it replaces with the aluminxmi in a 
positive electrode 1 etc., and the thing of the appearance configuration of the positive-electrode 
charge collector 2 and the same configuration is used using copper etc. In addition, the same thing as 
the positive-electrode layer 3 is used for the high molecular compound which is one of the 
components of the negative-electrode layer 6. Moreover, it is as having mentioned above about the 
nonaqueous-solution system electrolytic solution. 

[0030] The solid-state polyelectrolyte layer 7 arranged between the positive electrodes 1 and negative 
electrodes 4 which were mentioned above consists of high molecular compounds holding the 
nonaqueous-solution system electrolytic solution which was mentioned above, and this electrolytic 
solution. That is, the solid-state polyelectrolyte layer 7 is constituted by making the nonaqueous- 
solution system electrolytic solution sink in and hold in the high-molecular-compound layer which 
has the maintenance function of the nonaqueous-solution system electrolytic solution, in this 
invention, when forming a high-molecular-compound layer so that it may explain in fiill detail 
behind, the plasticizer was used together, and this plasticizer was mentioned above (1) formula — or - 
- The nonaqueous-solution system electrolytic solution is high-infiltrated into a high-molecular- 
compound layer by carrying out extraction removal by the low-molecular- weight organic silicon 
compound expressed with (2) formulas. 

[0031] As a high molecular compound used as the subject of the solid-state polyelectrolyte layer 7, 
fluorine system high molecular compoimds, such as a fluoride vinylidene and a copolymer (VdF- 
HFP), are used, and the copolymer which is excellent in the maintenance function of the nonaqueous- 
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solution sj^stem electrolytic solution especially mentioned above (VdF-HFP) is used preferably. In 
this (V dF-HFP) copolymer, especially a fluoride vinylidene contributes to improvement in a 
mechanical strengfli in the frame section of a copolymer, and hexafluoropropylene is incorporated in 
the state amorphous to a copolymer, and it functions as maintenance of &e nonaqueous-solution 
system electrolytic solution, and the transparency section of a lithium ion. It is as having mentioned 
above about the nonaqueous-solution system electrolytic solution \^ch sinks into the base-material 
layer of the solid-state polyelectrolyte layer 7 which consists of such a high molecular compound. 
[0032] Next, the manufacture method of the solid-state polyelectrolyte type lithium secondary battery 
mentioned above is e^lained. 

[0033] First, the production method of the solid-state polyelectrolyte l^er 7 vMch is one of the 
features of this invention is described. That is, a plasticizer plasticity solvent) is blended with 
fluorine system high molecular compoimds mentioned above, such as a fluoride vinylidene and a 
copolymer (VdF-HFP), and the macromolecule constituent used as the formation material of a high- 
molecular-compound layer is prepared. 

[0034] Here, as the above-mentioned plasticizer, a dibutyl phthalate (DBP), dimethyl phthalate 
(DMP), diethyl phthalate (DEP), propylene carbonate (PC), tris-butoxy ethyl phosphate, etc. are used. 
Moreover, it sets to the above-mentioned macromolecule constituent, and the loadings of these 
plasticizers are 20 - 70 % of the weight Considering as the range is desirable. The loadings of a 
plasticizer are 20 % of the weight There is a possibility that the amount of maintenance of the 
nonaqueous-solution system electrolytic solution may be insufficient in it being the following, and 
sufficient ion conductivity may not be obtained, and, on the other hand, the loadings of aplasticizw 
are 70 % of the weight If it exceeds, configuration mamtenance ability, intensity, etc. of a hi^- 
molecular-compound layer used as the base-material layer of the solid-state polyelectrolyte layer 7 
will fall. It is 50 - 70 % of the weight about the loadings of a plasticizer since the dissolution 
extraction efficiency of a plasticizer uses a high low-molecular-weight organic silicon compound so 
that it may mention later in this invention especially. Even if it makes it the range and a large 
quantity, generating of a plasticizer residue can be prevented effectively. That is, the nonaqueous- 
solution system electrolytic solution can be high-infiltrated into a high-molecular-compoimd layer. 
[0035] It is made to dissolve in an organic solvent, the macromolecule constituent containing a high 
molecular compound which was described above, and a plasticizer is pasted, and this macromolecule 
constituent paste is fabricated in layers. Specifically, after producing a macromolecule constituent 
paste for example, by the knife coating machine, an organic solvent is vaporized and the stratified 
Plastic solid of a macromolecule constituent is produced. This stratified Plastic solid may be formed 
independently, and may be produced as a layered product with a positive electrode 1 or a negative 
electrode 4. 

[0036] Next, dissolution extraction of the plasticizer contained in the stratified Plastic solid of the 
above-mentioned macromolecule constituent is carried out In dissolution extraction of this 
plasticizer, it is DFormula 9]. 



I I ' ■ I 

R R R .-..a) 




The chain-like organic silicon compound come out of and expressed, and [Formula 10] 
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R 

R (2) 

It is coming out and being chosen out of the annular oiganic siUcon compound expressed that it is 
few. One sort of liquefied low-molecular- weight organic silicon compounds are used. 
[0037] the above (1) foraixila - and - As R group in (2) formulas Alkyl groups, such as a methyl 
group, an ethyl group, a propyl group, a butyl, and an octyl machine, Alkenyl machines, such as aryl 
groups, such as a phenyl group and a tolyl group, a vinyl group, and an allyl group, beta - A 
phenylethyl machine, gamma - Unsubstituted [ of aralkyl machines, such as a phenylpropyl machine, 
etc* ] A imivalent organic machine. And the hydrogen atom combined with the carbon atom of these 
bases was replaced by a halogen atom, a cyano group, a hydroxyl group, the carboxyl group, the 
carbonyl group, the amino group, the alkoxy group, etc. A univalent organic machine is illustrated. 
Especially, a methyl group and a phenyl group are preferably used from points, such as stabihty, and 
a methyl group is especially desirable from points, such as volatility. 

[0038] Moreover, it mentioned above, m in (1) formula It is the integer of 0-7. n in (2) formulas is the 
integer of 3-10. If the range which m and n described above is exceeded, viscosity, volatiUty, 
stability, etc. will fall, when hypoviscosity, good stability, etc. obtain especially m and n - m 
considering as the range of 0-5 - moreover, n It is desirable to consider as the range of 3-7. As the 
above-mentioned example of a low-molecular-weight organic silicon compound Hexa methyl 
disiloxane (MM), octamethyl trisiloxane (MDM), Chain-like poly methyl siloxanes, such as a 
decamethyl tetrapod siloxane (MD2M) Annular poly methyl siloxanes, such as 
octamethylcyclotetrasiloxane (D4) and decamethyl cyclopentasiloxane (D5), The compound which 
furthermore denaturalized all these all [ a part or ] with other alkyl groups, a phenyl group, an aralkyl 
machine, an alkoxy group, an ester machine, the amino group, the epoxy group, the halogenation 
machine, etc. is mentioned. 

[0039] Extraction of the plasticizer by low-molecular-weight organic silicon compound which was 
mentioned above can the stratified Plastic soUd of the macromolecule constituent containing a 
plasticizer to a low-molecular-weight organic silicon compound (liquid), or can be carried out by 
various methods, such as exposing the stratified Plastic solid of the macromolecule constituent which 
contains a plasticizer in the steam bath of a low-molecular-weight organic silicon compoimd. 
Moreover, in case it **** to a low-molecular- weight organic silicon compound, warming, rocking, 
ultrasonic irradiation, etc. can also be used together. 

[0040] the interior of the stratified Plastic solid of that various plasticizers may be dissolved in the 
extracting solvent of a plasticizer which was mentioned above good here, and a macromolecule 
constituent — deep — alike - until — that it permeates promptly and a plasticizer may be dissolved 
efiBciently, vaporizing promptly after dissolution extraction of a plasticizer and not remaining, etc. are 
called for In addition, it is the property currently searched for in order for the prompt vaporization 
after dissolution extraction of a plasticizer to receive oxidation reduction by the cell voltage if the 
conventional plasticizer extracting solvent remains, and to have a bad influence on a cell property. 
[0041] To the demand characteristics to such a plasticizer extracting solvent, the feature with wWch it 
is [ on the physical properties of the low-molecular- weight organic silicon compound mentioned 
above ] common is the right solution of a plasticizer which was first described above to the 1st, 
therefore can dissolve almost all plasticizers easily, and can carry out extraction removal of this 
efficiently. 

[0042] Even if surface tension compares [ 2nd ] with the conventional extracting solvent 15 dyn/cm 
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order, it is small, and the interior, a detailed portion, etc. of a stratified Plastic solid of a 
macromolecule constituent are permeated quickly, and extraction removal of the plasticizer can be 
carried out in a short time. In case the solid-state polyelecttdlyte layer 7 is especially processed and 
produced as a layered product with a positive electrode 1 or a negative electrode 4, the good 
permeability of a lo\/-molecular-weight organic silicon compound demonstrates an effect further. 
[0043] Since it excels in volatility, after dissolution extraction of a plasticizer, it vaporizes promptly, 
and the extraction process of a plasticizer can be carried [ 3rd ] out efficiently. However, since it does 
not have a possibiUty of having a bad influence on a cell property even if the low-molecular-weight 
organic silicon compound mentioned above remains in the solid-state polyelectrolyte layer 7 and it 
not only does not do a bad influence, but contributes to low viscosity-ization of the nonaqueous- 
solution system electrolytic solution, i.e., the improvemrat in ionic conductivity, so that it may 
explain in full detail behind, improvement in a cell property can be aimed at. 
[0044] Furthermore, in case the low-molecular-weight organic silicon compound which was 
mentioned above in addition to the feature which was described above carries out dissolution 
extraction of the plasticizer from the stratified Plastic solid of a macromolecule constituent, it does 
not ahnost shrink the high molecular compound used as the base material of the solid-state 
polyelectrolyte layer 7. This enables it to sink in more nonaqueous-solution system electrolytic 
solutions. This contributes to tiie improvement of ionic conductivity. Moreover, to a human body, 
environment, etc., since it is very safe, the low-molecular-weight organic silicon compound 
mentioned above also has the advantage of not spoiling the febrication operation environment and the 
earth environment of a cell. 

[0045] it mentioned above - as ~ dissolution extraction of the plasticizer from the stratified Plastic 
solid of a macromolecule constituent (1) formula ~ or ~ By using the low-molecular-weight organic 
silicon compound expressed with (2) formulas, it becomes possible to carry out extraction removal of 
the plasticizer efficiently for a short time, without making a plasticizer remain. Moreover, the low- 
molecular-weight organic silicon compound used for dissolution extraction will not have a bad 
influence on a cell property, even if it vaporizes for a short time and a low-molecular-weight organic 
silicon compound remains. Furthermore, in order not to almost shrink a high molecular compound, it 
becomes possible to infiltrate more nonaqueous-solution system electrolytic solutions. 
[0046] The high-molecular-compound layer which carried out dissolution extraction of the plasticizer 
by the low-molecular-weight organic silicon compound turns into a base-material layer of the solid- 
state polyelectrolyte layer 7. And the solid-state polyelectrolyte layer 7 is obtained by infiltrating the 
nonaqueous-solution system electrolytic solution into this high-molecular-compound layer. The 
amount of sinkmg in of the nonaqueous-solution ^stem electrolytic solution to a high-molecular- 
compound layer is 20 - 70 % of the weight, as mentioned above. The range, especially 50 - 70 % of 
the weight Considering as the range is desfrable. 

[0047] Next, the production method of a positive electrode 1 and a negative electrode 4 is described. 
In production of a positive electrode 1, the above-mentioned high molecular compound mixes a 
conductive material to a meltable organic solvent the active material first mentioned above, the high 
molecular compound holding the nonaqueous-solution system electrolytic solution, and if needed, 
and a paste is adjusted. Subsequently, the non-sunk in electrolytic-solution positive-electrode layer 3 
is obtained by producmg this paste. The laminating of this is carried out to a charge collector 1, and a 
positive electrode 1 is obtained by infiltrating the nonaqueous-solution system electrolytic solution 
into tiiis. Or the above-mentioned paste can be applied to a charge collector 2, and the nonaqueous- 
solution system electrolytic solution can be infiltrated into this. After producing a layered product 
with the solid-state polyelectrolyte layer 7, you may carry out sinking [ of tiie nonaqueous-solution 
system electrolytic solution ] in. In addition, the negative electrode 4 as well as a positive electrode 1 
is produced fundamentally. 

[0048] Here, you may produce the positive-electrode layer 3 and the negative-electrode layer 6 which 
are an active material layer through the process which carries out dissolution extraction by the low- 
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molecular-weight organic silicon compound which mentioned the plasticizer above while using the 
macromolecule constituent which blended the plasticizer like the solid-state polyelectrolyte layer 7 
mentioned above. That is, you may fomi the positive-electrode layer 3 and the negative-electrode 
layer 6 by carrying out dissolution extraction of the plasticizer by the low-molecular-weight organic 
silicon compound mentioned above from this film (layer>like Plastic solid after pasting the active 
material, the high molecular compound used as the base-material layer of the positive-electrode layer 
3 or the negative-electrode layer 6, and the macromolecule constituent containing a plasticizer using 
the organic solvent and producing this paste, and infiltrating the nonaqueous-solution system 
electrolytic solution after that. 

[0049] Since the amount of sinking in of the nonaqueous-solution system electrolytic solution to the 
positive-electrode layer 3 or the negative-electrode layer 6 can be raised by applying the manufacture 
method which was mentioned above, improvement in a cell property can be aimed at fiirther. 
Furthermore, since the low-molecular-weight organic silicon compound mentioned above raises the 
surface activity of the active material contained in this stratified Plastic solid in case it carries out 
dissolution extraction of the plasticizer from the stmtified Plastic solid of a macromolecule 
constituent, about a lithium ion, it intercalates, or is easy to deintercalate and it becomes an active 
material layer. By this, it can raise fiilly supplying cell capacity to a load fix)m a bird clapper as it is 
possible to reduce the internal impedance of a cell, i.e., the so-called cell eflSciency. 
[0050] In the operation gestalt mentioned above, although the manufacture method of this invention 
was explained about the case where a solid-state polyelectrolyte type lithium secondary battery is 
manufactured, this invention is not restricted to this, and if it is an ionic conduction type solid-state 
polyelectrolyte type cell, it is applicable to manufacture of various cells. Specifically, they are (-) 
Li/LiAlC14-SOC12 / SOC12. The thionyl chloride lithium cell shown by (+) etc., and (-) Li/Mn02 It is 
possible to apply to manufacture of the lithium button cell (small cell) shown by (+) etc., the polymer 
battery using the conductive polymer, etc. 

[0051] by the way, the above (1) formula - or - the feature which the low-molecular-weight organic 
silicon compound expressed with (2) formulas mentioned above — in addition, while being 
essentially hypoviscosity, the viscosity change in the temperature requirement of a cell busy condition 
is small, and it has the feature which stability says ftulher that it is high and there is little chemical 
change by the cell voltage That is, a low-molecular-weight organic silicon compoimd is stable also in 
about [ which is the high field of the oxidation reduction potential of the usual nonaqueous-solution 
system cell ] 5V, and change which has a bad influence on a cell reaction is not shown, but acts on 
the front face of an electrode active material ftirther, and gives a desirable surface treatment 
[0052] Therefore, as the operation gestalt of the manufacture method of this invention mentioned 
above described, even if the low-molecular-weight organic silicon compoxmd used for dissolution 
extraction of a plasticizer remains, it cannot have a bad influence on a cell property, and a low- 
molecular- weight organic silicon compound can be used as one component of the nonaqueous- 
solution system electrolytic solution still more positively. The nonaqueous-solution system 
electrolytic solution for cells of this invention consists of a nonaqueous-solution system electrolytic- 
solution constituent which contains a low-molecular-weight organic silicon compoimd inevitably or 
positively as described above. 

[0053] A low-molecular- weight organic silicon compoimd is the hypoviscosity, and viscosity change 
can make the nonaqueous-solution system electrolytic solution contain it as an ion conductivity 
improver using the property of being small. Since the volatility of metal ions, such as a lithium ion, 
can be raised and the good ion conductivity can be kept stable by this, it becomes possible to obtain a 
cell with little temperature dependence. 

[0054] Since the low-molecular-weight organic silicon compound as this ion conductivity improver 
not only contributes to the viscosity down of the nonaqueous-solution system electrolytic solution, 
but has fiirther the operation which raises the surface activity of an electrode active material as 
described above, it contributes also to improvement in the plain-gauze fibers for plastering of the 
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intercalation of the metal ion in the positive-electrode layer 3 and the negative-electrode layer 6, and 
a day intercalation. The internal impedance of a cell can be reduced and this enables it to aim at an 
improvement of cell efiSciency. 

[0055] Furthermore, as mentioned above, it excels in stability, and a low-molecular-weight organic 
silicon compound has little chemical change by the cell voltage, and since it is rich in degradation- 
proof nature, even if it uses it for a long period of time, it can obtain a quality cell with little property 
degradation by using the nonaqueous-solution system electrolytic solution using the low-molecular- 
weight organic silicon compound as one component 

[0056] Here, the non-drainage system solvent in the nonaqueous-solution system electrolytic solution 
is usually used as a mixed solvent which combined the solvent vMch has a high dielectric constant as 
mentioned above, and the solvent of hypoviscosity. A low-molecular-weight organic siUcon 
compound can be blended and used for the conventional nonaqueous-solution system electrolytic 
solution as an ion conductivity improver, as mentioned above, and although used as some low 
viscosity solvents described above m this case, it is also possible to use as a subject of a low viscosity 
solvent further. Also in this case, a low-molecular-weight organic silicon compound cannot be 
overemphasized by functioning as an ion conductivity improver. 

[0057] Also in any of a use gestalt of a low-molecular-weight organic silicon compound which was 
described above, it is desirable to use what is excellent in a low-molecular-weight organic silicon 
compound and compatibility for other solvents, and a solvation coefficient (SP value) a low- 
molecular-weight organic silicon compound specifically Since it is five to about six, a solvation 
coefficient (SP value) It is desirable to use the hydrocarbon system organic solvent which is four to 
about 13. This is for compatibility to fall, if the difference of a solvation coefficient (SP value) is not 
much large, and is the more desirable solvation coefficient (SP value) of a hydrocarbon system 
organic solvent. It is the range of 5-10. as the solvent which specifically has a high dielectric constant 
- gamma-butyrolactone (gamma-BL) etc. - moreover, a tetrahydrofuran (THF), 2-methyl 
tetrahydrofuran, etc. are mentioned as a hypoviscosity solvent used together That is, as the 
nonaqueous-solution system electrolytic solution which blended the low-molecular-weight organic 
silicon compoxmd, an electrolyte, a low-molecular-weight organic silicon compoxmd, and a solvation 
coefficient (SP value) It is desirable to use the nonaqueous-solution system electrolytic-solution 
constituent containing about (five to about [ Preferably ] 10) four to 13 hydrocarbon system organic 
solvent. 

[0058] Loadings of the low-molecular-weight organic silicon compound in the nonaqueous-solution 
system electrolytic solution 3 - 95 % of the weight Considering as the range is desirable. The loadings 
of a low-molecular-weight organic siUcon compound are 3 % of the weight. The hypoviscosity 
property of the low-molecular-weight organic silicon compound concemed is it hard to be 
demonstrated to be tiie following notably, and, on the other hand, it is 95 % of the weight. Since the 
dielectric constant of a combination solvent composition system will fixlly be hard to be maintained if 
it exceeds, it becomes less not suitable in the quality of the solvent for cells. Especially, when 
considering as the good solvent for cells of the balance which fiiUy demonstrated these both special 
feature, they are the loadings of a low-molecular-weight organic siUcon compound. 5 - 80 % of the 
weight Considering as the range is desirable. 

[0059] the chain-like organic silicon compound to which the low-molecular-weight organic sihcon 
compound used as one component of the nonaqueous-solution system electrolytic solution is 
expressed with (1) formula - and - Although you may be any of the aimular organic silicon 
compound expressed with (2) formulas, a low chain-like organic silicon compoimd is preferably used 
more for viscosity. Moreover, it is 95 - 10 % of the weight about a compounding ratio [ more as 
opposed to / when using it as such mixture / the aimular organic siUcon compound of a low chain-like 
organic silicon compound in viscosity ]. Considering as the range is desirable and it is 90 - 50 % of 
the weight more preferably. It is a range. 

[0060] The nonaqueous-solution system electrolytic solution which a low-molecular-weight organic 
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silicon compound ^^ch vms mentioned above contained inevitably, or the nonaqueous-solution 
system electrolytic solution blended positively is preferably used for the solid-state polyelectrolyte 
type lithium secondary battery of the operation gestalt mentioned above, for example. The concrete 
composition of a lithium secondary battery is as having mentioned above, and the lithium secondary 
battery using the solution system electrolytic solution containing this low-molecular-weight organic 
silicon compound serves as an operation gestalt of the solid-state polyelectrolyte type cell of this 
invention. 

[0061] Moreover, irrespective of the existence of intervention of a plasticizer, it can be used for the 
various solid-state polyelectrolyte type cells mentioned above, and also the solution system 
electrolytic solution containing the above-mentioned low-molecular-weight organic silicon 
compoxmd can be used as the electrolytic solution of not only a solid-state polyelectrolyte type cell 
but various kinds of nonaqueous-solution system cells. 
[0062] 

[Example] Next, the concrete example of this invention is explained. 

[0063] examples 1-2 and the examples 1-4 of comparison - tiie example of the manufacture method 
of the sohd-state polyelectrolyte type cell of this invention is explained first It is LiCo02 as an active 
material of a positive electrode. Ilie lithiimi content cobalt oxide expressed (Japan Metals & 
Chemicals Co., Ltd. make), as the high molecular compound which holds acetylene black and the 
nonaqueous-solution system electrolytic solution as a conductive material, and functions as a binder 
(VdF-HFrho) - copolymer powder (the product made fi-om ERUFATOKEMU -) Kynar 2801 and 
the copolymerization ratio of VdF:HFP prepared the dibutyl phthalate (DBP) as 88:12 and a 
plasticizer, and in the acetone as a solvent, it mixed and they pasted these so that it might be set to 
56:5:17:22 by the weight ratio. About 150 micrometers in thickness it is thin in a positive-electrode 
layer by vaporizing the above-mentioned solvent after applying this paste by the knife coating 
machine on the aluminum mesh as a charge collector The plasticizer content stratified Plastic solid 
was produced. 

[0064] The DBF same as the copolymer powder same (VdF-HFrho) as a high molecular compound 
which holds a mesophase pitch based carbon fiber (Product made fi^om PETOKA) and the 
nonaqueous-solution system electrolytic solution as an active material of a negative electrode, and 
functions as a binder on the other hand as a positive electrode, and a plasticizer as a positive electrode 
was prepared, in the acetone as a solvent, it mixed and these were pasted so that it might be set to 
58:17:25 by the weight ratio. Thickness abbreviation which serves as a negative-electrode layer by 
vaporizing the above-mentioned solvent after applying this paste by the knife coating machine on the 
copper mesh as a charge collector 130 micrometers The plasticizer content stratified Plastic solid was 
produced. 

[0065] Next, like the above-mentioned positive electrode and the above-mentioned negative 
electrode, in the acetone as a solvent, it mixed and the copolymer (VdF-HFP) as a high molecular 
compound and DBP as a plasticizer holding the nonaqueous-solution system electrolytic solution 
were pasted so that it might be set to 50:50 by the weight ratio. About 90 micrometers in thickness 
which exfoliates from a glass plate and serves as a base-material layer of a solid-state polyelectrolyte 
layer after applying this paste by the knife coating machine on a glass plate and vaporizing the above- 
mentioned solvent The plasticizer content stratified Plastic solid was produced. 
[0066] Thus, after carrying out the laminating of the stratified Plastic solid and charge collector used 
as the stratified Plastic solid used as a charge collector [ used as the obtained positive electrode ] and 
stratified Plastic-solid, and solid-state polyelectrolyte layer, and a negative electrode in this sequence, 
it was stuck by pressure by the hot calender roll of 403K, and the laminated-structure object which 
becomes the origin of the cell cell 8 shown in drawing 1 was produced. 

[0067] Next, hexa methyl disiloxane (MM) was first used for the extractmg solvent of DBP as an 
example 1, the above-mentioned laminated-structure object was immersed in MM of ordinary 
temperature, dissolution extraction was carried out and DBP which is a plasticizer was removed. It is 
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the degree of ultraviolet-rays spectral extinction about the removal grade of DBP. 275 micrometers 
As a result of pursuing on vravelength, it is time until it is no longer detected. They wete 5-8 
minutes. 

[0068] Moreover, octamethylcyclotetrasiloxane (D4) was used for the extracting solvent of DBP as 
an example 2, the laminated-structure object produced similarly was immersed in D4 of ordinary 
temperature, dissolution extraction was carried out and DBP vMch is a plasticizer was removed As a 
result of pursuing the removal grade of DBP like an example 1, it is time until it is no longer 
detected. It was 7-10 minutes. 

[0069] As an example of comparison with this invention, diethylether (example 1 of comparison), the 
methanol (example 2 of comparison), and the laminated-structure object through which it passed and 
that was produced similarly, using Korean geisha (example 3 of comparison) respectively were 
unmersed in the extracting solvent of DBP at each organic solvent of ordinary temperature, 
dissolution extraction was carried out and DBP yMch is a plasticizer was removed. As a result of 
pursuing the removal grade of DBP like an example 1, time was 10 - 15 minutes, 17 - 25 minutes, 
and 30 - 40 minutes, respectively until it was no longer detected. 

[0070] It turns out that MM of an example 1 and two exampleD4 are extremely excellent in the 
extraction edacity of DBP so that clearly fiom the above-mentioned removal result of DBP. MM and 
D4 have [ this ] small surface tension compared with the extiacting solvent of the example of 
comparison ~ originating ~ **** - the sake - MM and D4 ~ the interior of the laminated-structiire 
object of a cell ~ deep ~ ahke - until ~ it permeates prompfly and this can remove DBP in a short 
time 

[0071] Moreover, smce an extiacting solvent needed vaporizing promptiy and not makmg it remain 
firom a laminated-structure object after extraction of DBP is completed (however, tiiere is notiiing a 
between title even if it remains m the case of low-molecular-weight organic silicon compounds by 
this mvention, such as MM), tiie cell laminated-structure object concerned was left in the room 
temperature after tiie removal end of DBP, and time until an extracting solvent stops remainmg mside 
was measured. Consequentiy, the example 1 was [ each example of comparison of tiie example 2 ] 10 
- 15 minutes, 50 - 70 minutes, and 120 mmutes or more for 17 to 22 minutes for 15 to 20 minutes 
respectively. * 

[0072] Thus, to the cell laminated-structure object of each example which removed DBP completely, 
and each example of comparison, it is a volume ratio about etiiylene carbonate (EC) and dimefliyl 
carbonate (DMC). It is one-mol LiPF6 at ordinary temperature to the mixed solvent mixed by 2: 1 . 
'The ♦*♦♦**** system electi-olytic solution which dissolved and prepared tiie electrolyte was sunk m, 
respectively, tiiis wet out rate is very quick - also after that, atthough tiie amount of saturation 
smking in is mostly reached m 5 mmutes, m order to sink m, in fliis example, a few was unmersed for 
20 minutes and infiltrated 

[0073] Thus, obtained area 4cm2 About the cell cell of each example and each example of 
comparison, tiie rate of impregnation, ionic conductivity, and internal unpedance of tiie electrolytic 
solution were measured. Moreover, about each cell cell into which tiiese electrolytes were mfiltated, 
after charging to 4.2V by tiie charging current of IC, tiie charge-and-discharge cycle which 
discharges witii tiie current of IC to 2.7V was repeated, and each capacity maintenance factor to tiie 
mitial cell capacity of a deed, tiie mitial cell capacity (mAh) of 1 cycle eye and 10 cycles, 50 cycle, 
and a 1 00 cycle eye was measured. These measurement results are shown m Table 1 . In addition, ' 
except not using DBP in tiie above-mentioned example, tiie example 4 of comparison shown m Table 
1 produces a cell cell similarly, and performs same measurement about this cell cell 
[0074] 
[Table 1] 
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Since hexa methyl disiloxane (MM) and octamethylcyclotetrasiloxane (D4) do not shrink a high 
molecular compound, in an example 1 and the example 2, they can enlarge rate of impregnation of 
the electrolytic solution, and, therefore, are xmderstood that ionic conductivity is good, initial cell 
capacity is large and a charge-and-discharge cycle property is also good, so that clearly from Table 1 . 
Moreover, based on the reforming effect on the front face of an active material by MM or D4, for this 
reason, the internal impedance of a cell can ftilly supply cell capacity to a load, and a low excels 
[ internal impedance ] in the so-called cell efSciency. 

[0075] In order to shrink the high molecular compound concemed at the same time it extracts DBP 
from a high molecular compovmd to these by each extracting solvent by the examples 1-3 of 
comparison, the amount of sinking in of the part ion electrolytic solution decreases, the initial cell 
capacity of a cell is low, and a charge-and-discharge cycle property is also bad Moreover, the internal 
impedance of a cell is also known by that it is high compared with an example. 
[0076] In addition, the result with the same said of the case where replaced with MM of the above- 
mentioned example 1, and octamethyl trisiloxane (MDM) and a decamethyl tetrapod siloxane 
(MD2M) are used was obtained, and the result with the same said of the case where replaced with the 
two above-mentioned exampleD4, and decamethyl cyclopentasiloxane (D5) is used was obtained. 
[0077] Examples 3-4, the example 5 of comparison, next the example of the solid-state 
polyelectrolyte type cell of this invention are explained. 

[0078] The mixed weight ratio of this, methylethyl carbonate (MEC), and gamma-butyrolactone, 
using hexa methyl disiloxane (MM) as a low-molecular-weight organic silicon compound About the 
partially aromatic solvent (solvation coefficient (SP value) =9.5) of 1 :1, the compounding ratio of 
MM is 30 % of the weight to the above-mentioned partially aromatic solvent. It mixes so that it may 
become, and it is \sx ordinary temperature to this mixed solvent. One-mol LiPF6 The electrolyte was 
dissolved and the nonaqueous-solution system electrolytic solution (example 3) was prepared. 
[0079] Moreover, octamethylcyclotetrasiloxane (D4) is used as a low-molecular-weight organic 
silicon compound, and, for the weight ratio of this, dimethyl carbonate, and a sulfolane, the 
compounding ratio of D4 is 45 % of the weight about the liquid (solvation coeflScient (SP value) 
=10.2) of 2:1. It mixes so that it may become, and it is in ordinary temperature to this mixed solvent. 
Two mols LiBF4 The electrolyte was dissolved and the nonaqueous-solution system electrolytic 
solution (example 4) was prepared. 

[0080] Furthermore, it is a weight ratio about methylethyl carbonate (MEC) and gamma- 

butyrolactone as an example 5 of comparison. It mixes so that it may be set to 1 :1, and it is in 
ordinary temperature to this mixed solvent. One mol LiPF6 The electrolyte was dissolved and the 
nonaqueous-solution system electrolytic solution was prepared. 

[0081] It sank into the cell laminated-structure object which produced each nonaqueous-solution 
system electrolytic solution by each examples 3 and 4 and the example 5 of comparison which were 
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mentioned above like the above-motioned examples 1 and 2 and the example 1 of comparison, 

respectively (sinking-in time =20 minute). 

[0082] Thus, obtained area 4cm2 About the ceil cell of each example and each example of 
comparison, the rate of impregnation, ionic conductivity, and internal impedance of the electrolytic 
solution were measured Moreover, about each cell cell into which these electrolytes were infiltrated, 
after charging to 4.2V by the charging currmt of 1 C, the charge-and-discharge cycle which 
discharges with the current of 1 C to 2.7V was repeated, and each capacity maintenance factor to the 
initial cell capacity of a deed, the initial cell capacity (mAh) of 1 cycle eye and 10 cycles, 50 cycle, 
and a 100 cycle eye was measured. These measurement results are shown in Table 2. 
[Table 2] 

S ID=000014 



It turns out that the cell using the nonaqueous-solution system electrolytic solution which blended 
hexa methyl disiloxane (MM) and octamethylcyclotetrasiloxane (D4) is excellent in each of ionic 
conductivity, internal impedance, initial cell capacity, and charge-and-discharge cycle properties so 
that clearly from Table 2. Especially, in the example 3 and the example 4, since ionic conductivity 
improved by leaps and bounds, even if it performed the charge and discharge of 2-3C, the flattery 
nature of movement between poles of electrolyte ion was good, and, thereby, broadening was shown 
in the correspondence to the big load of boosting charge and service capacity. 
[0083] 

[Effect of the Invention] As explained above, while being able to raise the amount of sinking in of the 
extraction efficiency of a plasticizer, etc. and the nonaqueous-solution system electrolytic solution 
according to the manufacture method of the solid-state polyelectrolyte type cell of this invention, 
even if an extracting solvent remains in a solid-state polyelectroljrte layer, it does not have a bad 
influence on a fuel cell subsystem. It becomes possible to be stabilized and to obtain the solid-state 
polyelectrolyte type cell excellent in ion conductivity, internal impedance, the charge-and-discharge 
cycle property, etc. by these. Moreover, according to the nonaqueous-solution system electrolytic 
solution for cells of this invention, it becomes possible to aim at reduction in viscosity, improvement 
in the surface activity of an electrode active material, etc. further. 
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TECHNICAL FIELD 

[The technical field to vMch invention belongs] this invention relates to the nonaqueous-solution 
system electrolytic solution for cells used for the manufacture method of a solid-state polyelectrolyte 
type cell of having used the nonaqueous-solution system electrolytic solution, a solid-state 
polyelectrolyte type cell, and a nonaqueous-solution system cell. 
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PRIOR ART - 

description of the Prior Art] It is indispensable to the electrolytic solution of the lithium cell which 
dislikes water in order to react violently with moisture from a standpoint with practical using the 
nonaqueous-solution system electrolytic solution, and such a lithium secondary battery is well known 
as a nonaqueous-solution system cell. Since the cell energy density is large, such a lithium secondary 
batteiy has been multiple-use-ized as a power supply of the cordless device which thinks small 
lightweight nature as important etc. Moreover, this cell function Development of the lithium ion 
solid-state polyelectrolyte type rechargeable battery provided as an about O.Snrai single cell of a 
super-thin shape (LPB), i.e., the cell using the organic high molecular compound which has the 
iriaintenance function of the nonaqueous-solution system electrolytic solution as a solid electrolyte 
layer, is also performed actively, and utilization level is reached. Although improvement of many 
cbmponent engineerings, such as selection, cell construction, etc. of the active material of a positive 
electrode and a negative electrode, has contributed to utilization of these rechargeable batteries, 
selection of the electrolytic solution is expected much more improvement in technical. 
[0003] Here, the strong-base solution of a pbtassium hydroxide is used for the electrolytic solution of 
a solution system cell, the liquid property that the operation effect of the electrolytic solution over a 
cell reaction here is the hypoviscosity of water, and is large, and the good ionic conduction nature of 
about 10 to 2 or more ohm/cm by the potassimn hydroxide as solution have realized exertion of a 
practical cell capacity required for a cell, and correspondence to a big load [ of specific inductive 
capacity ] On the other hand, by the nonaqueous-solution system cell, the present condition is racking 
one's brains for maintaining big ionic conduction nature compared with the solution system 
electrolytic solution stably, by the use potential difference of a cell, since there are few liquids with 
low viscosity (solvent). It is 50 % of the weight about the ion electrolyte content in the solid-state 
polyelectrolyte layer especially used in a LPB type. If it is not made a grade above, also theoretically 
and experimentally, it is checked that a fully practical cell is not obtained. 
[0004] In order to raise the content of the electrolyte in a solid-state polyelectrolyte layer, some 
methods are tried from the former. The technology As one, the method using the high molecular 
compound which includes hetero atom teams, such as alkylene oxide, in the molecular structure as a 
solid-state polyelectrolyte layer is mentioned (refer to Japanese Patent Publication No. 6 No. -52671 
official report). Such a solid-state polyelectrolyte layer is 50 % of the weight about an electrolyte. It is 
known that it is possible to make it sink in above. However, since the hetero atom team which sank in 
the electrolyte becomes a sea phase in the macromolecule structure which constitutes a solid-state 
polyelectrolyte layer and the macromolecule principal chain except a hetero atom team forms the 
discontinuous phase, the fluidity of a discontinuous phase will increase an electrolyte, so that it high- 
sinks in. That is, the present condition is being unable to make [ many / that the electrolytic amount 
of sinking in is expected in order to present long-term use with an electrolyte as a practical cell from a 
bird clapper as a configuration is unstable so that it high-sinks in / so ] it. 
[0005] As other methods, it is for example, the U.S. There is technology which sinks an 

electrolyte into this amorphous phase using the high molecular compound with which the crystal 
phase and the amorphous phase were intermingled as a solid-state polyelectrolyte layer as indicated 
by No. 5,456,000. ^though the instability of configuration maintenance which is seen in the solid- 
state polyelectrolyte layer which has the hetero atom team of the above-mentioned [ this technology ] 
is avoidable practically - electrolytic rate of impregnation - at most 30 - 40 % of the weight Since it 
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' is a grade, like 10-5 - 10-4 ohm/cm, only a degree is obtained but it passes over ionic conductivity 
low as a practical use cell. 

[0006] For this reason, the above-mentioned U.S. ****** jj^ fsj^ 5,456,000 A film is produced using 
the raw material which blended a plasticizer like a dibutyl phthalate, dimethyl phthalate, and tris- 
butoxy ethyl phosphate with polymeric materials like the fluoride vinylidene-hexafluoropropylene 
copolymer (it is hereafter described as a copolymer (VdF-HFP)) used as a polyelectrolyte, and 
blended this plasticizer with them, and a lower alcohol like ethanol, diethylether, a tetrahydrofuran, 
and the technology that sinks in the nonaqueous-solution system electrolytic solution containing an 
electrolyte after passing and carrying out extraction removal with a low boiler like Korean geisha are 
indicated in the plasticizer out of this film. By applying such a method, it is 60 - 70 % of the weight 
about the rate of impregnation of the nonaqueous-solution system electrolytic solution. It can carry 
out and it is shown that ionic conductivity improves to 10-2 - 10-3 ohm/cm. 
[0007] When adopting the above-mentioned method, it is necessary to remove a plasticizer 
completely by the fuel cell subsystem in order to start an oxidation-reduction reaction with the 
operating potential of a cell. However, it had the problem that the conventional extracting solvent 
which was mentioned above has the solubility of a plasticizer, and the inadequate diffusion 
permeability inside a high molecular compound, and full extraction of a plasticizer takes it for a long 
time, and a problem which is referred to as having a bad influence on a fuel cell subsystem in 
response to oxidation reduction by the cell busy condition when an extracting solvent remains in a 
solid-state polyelectrolyte layer again. Furthermore, while each conventional extracting solvent 
mentioned above carried out dissolution extraction of the plasticizer, it shrank the high molecular 
compound used as a solid-state polyelectrolyte layer, and it had the fault of reducing the amount of 
sinking in of the nonaqueous-solution system electrolytic solution. Moreover, when the work 
environment of the dissolution extraction process of a plasticizer etc. is taken into consideration, an 
extracting solvent is wanted to have the property of not checking earth environment as it is safe to a 
human body and is observed further recenfly. 

[0008] On the other hand, an improvement aiming at much more improvement in charge-and- 
discharge efficiency etc. is desired about the nonaqueous-solution system electrolytic solution itself. 
That is, the nonaqueous-solution system electrolytic solution consists of ionicity compounds 
(electrolyte) which are dissolved in an organic solvent and it and perform ionic migration in it. 
Among these, in addition to being a high dielectric constant, an organic solvent is asked for it being 
the low viscosity which makes ionic conduction easy in the operation temperature of a cell so that 
intemal impedance of a cell may not be raised. Although high dielectric constant matter, such as 
ethylene carbonate, is used for die solvent of the conventional nonaqueous-solution system 
electrolytic solution, it is a solid-state, and the electrolytic solution actual since there are many liquids 
with high viscosity is mixed with the solvent of hypoviscosity, apparent electrolytic-solution viscosity 
is made low, and it is made not to spoil the mobility of a metal ion in ordinary temperature. 
Moreover, the solvent of hypoviscosity is expected to be the liquid which may raise the surface 
activity of an active material to an electrode active material layer in order to make metal ions, such as 
a lithium ion, easy to intercalate or deintercalate. 

[0009] As a solvent of hypoviscosity with which a property which was mentioned above is 
demanded, although chain-like carbonate, such as dimethyl carbonate and JIEME chill carbonate, etc. 
is used conventionally, when aiming at improvement in a cell property, the solvent which can raise 
the surface activity of much more reduction in the viscosity of the nonaqueous-solution system 
electrolytic solution or an electrode active material is called for. 
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EFFECT OF THE INVENTION ^ 

DEfifect of the Invention] As explained above, while being able to raise the amount of sinking in of the 
extraction efficiency of a plasticizer, etc. and the nonaqueous-solution system electrolytic solution 
according to the manufacture method of the solid-state polyelectrolyte type cell of this invention, 
even if an extracting solvent remains in a solid-state polyelectrolyte layer, it does not have a bad 
influence on a fuel cell subsystem. It becomes possible to be stabilized and to obtain the solid-state 
polyelectrolyte type cell excellent in ion conductivity, internal impedance, the charge-and-discharge 
cycle property, etc. by these. Moreover, according to the nonaqueous-solution system electrolytic 
solution for cells of this invention, it becomes possible to aim at reduction in viscosity, improvement 
in the surface activity of an electrode active material, etc. further. 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] As mentioned above, in the manufacturing process of the 
soHd-state polyelectrolyte layer of the nonaqueous-solution system cell which used the conventional 
plasticizer together, the extracting solvent of a plasticizer which has a property as shown below is 
called for. That is, even if the vapor pressure in the extraction temperature which does not shrink a 
high molecular compound at the time of the extraction of a plasticizer which carries out diffusion 
osmosis promptly to the interior of the high molecular compound which solubihty with a plasticizer 
is large, and surface tension is small, and constitutes a solid-state polyelectrolyte layer should 
vaporize promptly greatly and should further remain in a high-molecular-compound layer, while it is 
safe for the human body which does not have a bad influence on a fuel cell subsystem, an extracting 
solvent of a plasticizer which does not check earth environment and which has the property of ** is 
desired 

[0011] Moreover, about the nonaqueous-solution system electrolytic solution itself, while an 
improvement aiming at improvement in charge-and-discharge efficiency etc. is desired and 
specifically being able to form the nonaqueous-solution system electrolytic solution into low viscosity 
further, the solvent which can raise the surface activity of an electrode active material is called for. 
[0012] In case this invention was made in order to cope with such a technical problem, uses a 
plasticizer together and manufactures the solid-state polyelectrolyte type cell using the nonaqueous- 
solution system electrolytic solution, while it raises the amount of sinking in of the extraction 
efficiency of a plasticizer, etc. and the nonaqueous-solution system electrolytic solution It aims at 
offering the manufacture method of a soUd-state polyelectrolyte type cell and soUd-state 
polyelectrolyte type cell which do not have a bad influence on a fiiel cell subsystem even if an 
extracting solvent should remain in a solid-state polyelectrolyte layer. It aims at offering the 
nonaqueous-solution system electrolytic solution for cells which furthermore aimed at reduction in 
viscosity, and improvement in the surface activity of an electrode active material further. 
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MEANS ^^^^^^ 

[Means for Solving the Problem] The result which advanced examination about various solvents in 
order to attain the above-mentioned purpose, the low-molecular-weight chain-Uke organic silicon 
compound expressed with the following (1) formula - and - The low-molecular-weight annular 
organic silicon compound expressed with (2) formulas Are the right solution of the plasticizer used 
for (a) cell formation, dissolve almost all plasticizers easily and carry out extraction removal. Even if 
(b) surface tension compares with the conventional extraction solution 15 dyn/cm order, are small. It 
is easy to permeate the detailed portion of a cell composition constituent quickly. Do not shrink a 
high molecular compound at the time of extraction of the (c) plasticizer. (d) The vapor pressure in 
extraction temperature vaporizes promptly greatly. Earth environment is not spoiled while it is very 
safe for the (e) human body. It has the various properties for which the extracting solvent of the 
plasticizer at the time of using a plasticizer together and manufacturing a solid-state polyelectrolyte 
layer is asked, and adds to it. (f) While being essentially hypoviscosity The viscosity change in the 
temperature requirement of a cell busy condition is small, is stabilized in the volatility of a metal ion, 
and can raise. There was Uttle change chemical under (g) cell service condition, and while not having 
a bad influence on a fuel cell subsystem, it found out having various properties for which the 
hypoviscosity solvent of the nonaqueous-solution system electrolytic solution is asked, such as being 
rich in degradation-proof nature. 

[0014] It is [Formula 7] about the aforementioned plasticizer as the manufacture method of the soUd- 
state polyelectrolyte type cell of this invention was indicated to the claim 1 , after having 
accompUshed this invention based on knowledge which was described above, and fabricating the 
macromolecule constituent containing a plasticizer and the aforementioned high molecular compound 
in layers in the manufacture method of a solid-state polyelectrolyte type cell that opposite 
arrangement of a positive electrode and the negative electrode was carried out, through the solid-state 
polyelectrolyte layer which has a high-molecular-compound layer holding the nonaqueous-solution 
system electrolytic solution. 

R R R 

II I 
R-:S {S i-0)-— S l"-R 

I I B I 



The chain-like organic silicon compound come out of and expressed, and [Formula 8] 



R 

—is i-0\ 




R (2) 

It is coming out and being chosen out of the annular organic silicon compound expressed that it is 
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' few. It is characterized by having the process which carries out dissolution extraction using one sort 
of lowrmolecular-weight organic silicon compounds, and the process which sinks the aforementioned 
nonaqueous-solution system electrolytic solution into the aforementioned high-molecular-compound 
layer by which dissolution extraction of the aforementioned plasticizer was carried out, and forms the 
aforementioned soUd-state polyelectrolyte layer. 

[0015] Moreover, the soUd-state polyelectrolyte layer which has the high-molecular-compound layer 
in which the solid-state polyelectrolyte type cell of this invention held the nonaqueous-solution 
system electrolytic solution. In the soUd-state polyelectrolyte type cell possessing the positive 
electrode and negative electrode by which opposite arrangement was carried out through the 
aforementioned soUd-state polyelectrolyte layer the aforementioned nonaqueous-solution system 
electrolytic solution the above The chain-like organic silicon compound expressed with (1) formula, 
and the above it is chosen out of the annular organic silicon compound expressed with (2) formulas - 
at least - One sort of low-molecular-weight organic siUcon compounds It is characterized by the bird 
clapper from the nonaqueous-solution system electrolytic-solution constituent contained as an ion 
conductivity improver. 

[0016] furthermore, the nonaqueous-solution system electrolytic solution for cells of this invention — 
the above The chain-like organic silicon compound expressed with (1) formula, and the above it is 
chosen out of the annular organic silicon compound expressed with (2) formulas - at least - It is 
characterized by the bird clapper from the nonaqueous-solution system electrolytic-solution 
constituent which contains one sort of low-molecular-weight organic silicon compounds as an ion 
conductivity improver. 
[0017] 

[Embodiments of the Invention] Hereafter, the form for carrying out this invention is explained. 
[0018] 1 operation form which applied the manufacture method of the solid-state polyelectrolyte type 
ceU of this invention to the manufacture method of the lithium secondary battery of a nonaqueous- 
solution system is explained. Before explaining the manufacture method in full detail, the 
composition of the rechargeable battery of a nonaqueous-solution system lithium is first explained 
with reference to drawing 1 . In addition, this lithium secondary battery is 1 operation form of the 
solid-state polyelectrolyte type cell of this invention, and this invention is not limited to this. 
[0019] Drawing 1 shows, soUd-state polyelectrolyte type the important section, i.e., tiie cell cell 
portion, of a lithium secondary battery of this operation gestalt, and 1 is die positive electrode which 
carried out laminating formation and constituted the positive-electrode layer 3 on the charge collector 
2. Moreover, 4 is the negative electrode which carried out laminating formation and constituted the 
negative-electrode layer 6 on the charge collector 5, and it is arranged so that the negative-electrode 
layer 6 of this negative electrode 4 may counter with the positive-electrode layer 3 of a positive 
electrode 1. Between these positive electrodes 1 and the negative electrode 4, it intervenes so that the 
solid-state polyelectrolyte layer 7 may be located between the positive-electrode layer 3 and the 
negative-electrode layer 6. The cell cell 8 is constituted by these and a soHd-state polyelectrolyte type 
lithium secondary battery is constituted by holding a winding object, a layered product, etc. of this 
cell cell 8 in a cell container. 

[0020] The above-mentioned positive electrode 1 has the structure which supported with the charge 
collector 2 the positive-electrode layer 3 as a barrier layer which consists of high molecular 
compounds holding an active material, the nonaqueous-solution system electrolytic solution, and this 
electrolytic solution, here ~ the various oxides 204 as an active material, for example, LiMn, etc. ~ a 
litiiium manganese multiple oxide and LiNi02 etc. - a lithium content nickel oxide and LiCo02 etc. 
— cull GEKON compounds containing a lithium content cobalt oxide, a lithium content nickel cobalt 
oxide, and a hthium, such as for example, an amorphous vanadium pentoxide, etc. 2 titanium 
sulfides, and molybdenum disulfide, etc. can be mentioned Especially, a lithium manganese multiple 
oxide, a lithium content cobalt oxide, and a lithium content nickel oxide are preferably used for a top 
with httle degradation by electric field from the efficiency of the charge which can be used as a cell 
being good. 

[0021] The nonaqueous-solution system electrolytic solution mentioned above is adjusted by 
dissolving an electrolyte in non-drainage system solvents, such as an organic solvent. As a non- 
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drainage system solvent, ethylene carbonate (EC), propylene carbonate (PC), Butylene carbonate 
(BC), dimethyl carbonate (DMC), Diethyl carbonate (DEC)i ethyl methyl carbonate (EMC), gamma - 
A butyrolactone (gamma-BL), a sulfolane, an acetonitrile, 1, 2-dimethoxyethane, 1, 3- 
dimethoxypropane, a wood ether, organic solvents genetally used as the electrolytic solution for cells, 
such as a tetrahydrofiiran (THF) and 2-methyl tetrahydrofuran, - in addition, it mentioned above (1) 
formula - or - The low-molecular-weight organic silicon compound expressed with (2) formulas can 
be mentioned. 

[0022] Usually, a non-drainage system solvent is used as a mixed solvent which combined the 
solvent which has a high dielectric constant, and the solvent of hypoviscosity, and a low-molecular- 
weight organic silicon compound can be used as a kind of a low viscosity solvent etc. In addition, the 
low-molecular-weight organic silicon compound used as a kind of this low viscosity solvent etc. and 
the nonaqueous-solution system electrolytic-solution constituent using this are explained in full detail 
behind. 

[0023] Moreover, as the above-mentioned electrolyte, the lithium salt of a lithium perchlorate 
(LiC104), a 6 fluoride [ phosphoric-acid ] Kthium (LiPF6), hoe 4 Uthium fluoride (LiBF4), a 6 
fluoride arsenic lithiimi (LiAsF6), a trifluoromethane sulfonic-acid Uthium (LiCF3 S03), a screw 
trifluoromethyl SURUHOMECHmUHONIRUIMIDO hthium [UN (CF3 S03)2], etc. is mentioned, 
for example. The amount of dissolutions to the non-drainage system solvent of tiiese electrolytes It is 
desirable to consider as about 0.2-2 mol/L. 

[0024] An alkylene-oxide system high molecular compound Uke fluorine system high molecular 
compounds, such as a fluoride vinylidene and fluoride vinyUdene-hexafluoropropylene copolymer 
(V dF-HFP) (copolymer), and a polyethylene oxide as a high molecular compound holding the 
nonaqueous-solution system electrolytic solution which was mentioned above etc. can be mentioned. 
In this case, it does not use independently as a binder of an active material, and (VdF-HFP) does not 
bar mixing with a copolymer and using polyvinylidene fluoride and a fluorine system high molecular 
compound like a polytetrafluoroethylene. 

[0025] When producing by the same method as the soUd-state polyelectrolyte layer 7 wWch mentions 
the positive-electrode layer 3 as a barrier layer later among the above-mentioned high molecular 
compounds, it is desirable to use a fluoride vinyUdene and a copolymer (VdF-HFP). In addition, in 
order to give conductivity to the positive-electrode layer 3, carbon black, such as an artificial graphite 
and acetylene black, nickel powder, etc. can be used together. 

[0026] Moreover, as a charge collector 2 of a positive electrode 1, the foil of aluminum or nickel, a 
mesh, an expanded metal, punched metal, etc. are used, for example. 

[0027] The negative electrode 4 has the structure which supported with the charge collector 5 the 
negative-electrode layer 6 as an active material layer which consisted of high molecular compounds 
holding an active material, the nonaqueous-solution system electrolytic solution, and this electrolytic 
solution etc., and it is arranged through the soUd-state polyelectrolyte layer 7 so that the negative- 
electrode layer 6 may counter with the positive-electrode layer 3 of a positive electrode 1. Although 
the basic structure of a negative electrode 4 and a part of material of construction are simile with the 
positive electrode 1 mentioned above, a positive electrode 1 and the material in which it differs are 
the active material which intercalates a Uthium ion, and the quality of the material of a charge 
collector 5. 

[0028] That is, in a lithium ion, it is possible occlusion and to emit, namely, to intercialate and 
deintercalate to the active material which is one of the components of the negative-electrode layer 6, 
for example, carbonaceous material is used for it. The carbonaceous material represented by what 
calcinates organic high molecular compounds, such as phenol resin, a polyacrylonitrile, and a 
cellulose, for example, and obtained as this carbonaceous material, the thing which calcinates corks 
and a pitch and is obtained, artificial graphite, natural graphite, etc. can be mentioned. Especially, it is 
under an ordinary pressure or reduced pressure in inert gas atmosphere, such as an argon and 
nitrogen. It is known that the mezzo-soprano carbon which calcinates the above-mentioned organic 
high molecular compound, and is obtained at the temperature of 773-3273K is excellent in the 
intercalation property of a lithium ion. In order to aim at conductive improvement, of course, you 
may use KETCHIEN black, carbon black, etc. together. 
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[0029] Moreover, as a charge collector 5 of a negative electrode 4, it replaces with the aluminum in a 
positive electrode 1 etc., and the thing of the appearance configuration of the positive-electrode 
charge collector 2 and the same configuration is used using copper etc. In addition, the same thing as 
the positive-electrode layer 3 is used for the high molecular compound which is one of the 
components of the negative-electrode layer 6. Moreover, it is as having mentioned above about the 
nonaqueous-solution system electrolytic solution. 

[0030] The solid-state polyelectrolyte layer 7 arranged between the positive electrodes 1 and negative 
electrodes 4 which were mentioned above consists of high molecular compounds holding the 
nonaqueous-solution system electrolytic solution which was mentioned above, and this electrolytic 
solution. That is, the solid-state polyelectrolyte layer 7 is constituted by making the nonaqueous- 
solution system electrolytic solution sink in and hold in the high-molecular-compound layer which 
has the maintenance function of the nonaqueous-solution system electrolytic solution, in this 
invention, when forming a high-molecular-compound layer so that it may explain in full detail 
behind, the plasticizer was used together, and this plasticizer was mentioned above (1) formula — or - 
- The nonaqueous-solution system electrolytic solution is high-infiltrated into a high-molecular- 
compound layer by carrying out extraction removal by the low-molecular-weight organic silicon 
compound expressed with (2) formulas. 

[0031] As a high molecular compound used as the subject of the solid-state polyelectrolyte layer 7, 
fluorine system high molecular compounds, such as a fluoride vinylidene and a copolymer (VdF- 
HFP), are used, and the copolymer which is excellent in the maintenance function of tiie nonaqueous- 
solution system electrolytic solution especially mentioned above (VdF-HFP) is used preferably. In 
this (VdF-HFP) copolymer, especially a fluoride vinylidene contributes to improvement in a 
mechanical strength in the firame section of a copolymer, and hexafluoropropylene is incorporated in 
the state amorphous to a copolymer, and it functions as maintenance of the nonaqueous-solution 
system electrolytic solution, and the transparency section of a lithium ion. It is as having mentioned 
above about the nonaqueous-solution system electrolytic solution which sinks into the base-material 
layer of the solid-state polyelectrolyte layer 7 which consists of such a high molecular compound. 
[0032] Next, the manufacture method of the solid-state polyelectrolyte type lithium secondary battery 
mentioned above is explained. 

[0033] First, the production method of the solid-state polyelectrolyte layer 7 which is one of the 
features of this invention is described. That is, a plasticizer (plasticity solvent) is blended with 
fluorine system high molecular compounds mentioned above, such as a fluoride vinylidene and a 
copolymer (VdF-HFP), and the macromolecule constituent used as the formation material of a high- 
molecular-compound layer is prepared. 

[0034] Here, as the above-mentioned plasticizer, a dibutyl phthalate (DBF), dimethyl phthalate 
(DMP), diethyl phthalate (DEP), propylene carbonate (PC), tris-butoxy ethyl phosphate, etc. are used. 
Moreover, it sets to the above-mentioned macromolecule constituent, and the loadings of these 
plasticizers are 20 - 70 % of the weight. Considering as the range is desirable. The loadings of a 
plasticizer are 20 % of the weight. There is a possibility that the amount of maintenance of the 
nonaqueous-solution system electrolytic solution may be insufficient in it being the following, and 
sufficient ion conductivity may not be obtained, and, on the other hand, the loadings of a plasticizer 
are 70 % of the weight. If it exceeds, configuration maintenance ability, intensity, etc. of a high- 
molecular-compound layer used as the base-material layer of the soHd-state polyelectrolyte layer 7 
will fall. It is 50 - 70 % of the weight about the loadings of a plasticizer since the dissolution 
extraction efficiency of a plasticizer uses a high low-molecular-weight organic silicon compound so 
that it may mention later in this invention especially. Even if it makes it the range and a large 
quantity, generating of a plasticizer residue can be prevented effectively. That is, the nonaqueous- 
solution system electrolytic solution can be high-iniiltrated into a high-molecular-compound layer. 
[0035] It is made to dissolve in an organic solvent, the macromolecule constituent containing a high 
molecular compound which was described above, and a plasticizer is pasted, and this macromolecule 
constituent paste is fabricated in layers. Specifically, after producing a macromolecule constituent 
paste for example, by the knife coating machine, an organic solvent is vaporized and the stratified 
Plastic solid of a macromolecule constituent is produced. This stratified Plastic solid may be formed 
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' independently, and may be produced as a layered product with a positive electrode 1 or a negative 
electrode 4. 

[0036] Next, dissolution extraction of the plasticizer contained in the stratified Plastic solid of the 
above-mentioned macromolecule constituent is carried out In dissolution extraction of this 
plasticizer, it is [Formula 9] . 

R R R 

III 

R-S (S i-0)— — S i--R 
I I A I 
R R R (1) 

(55*% RttH-*fcttfia<t«^iMI*fctt 

The chain-hke organi c silicon compound come out of and expressed, and [Formula 10] 

R 
I 

Msi-o>— I 

R 

It is coming out and being chosen out of the annular organic silicon compound expressed that it is 
few. One sort of liquefied low-molecular-weight organic silicon compounds are used. 
[0037] the above (1) formula - and - As R group in (2) formulas Alkyl groups, such as a methyl 
group, an ethyl group, a propyl group, a butyl, and an octyl machine, Alkenyl machines, such as aryl 
groups, such as a phenyl group and a tolyl group, a vinyl group, and an allyl group, beta - A 
phenylethyl machine, gamma - Unsubstituted [ of arallq^l machines, such as a phenylpropyl machine, 
etc. ] A univalent organic machine. And the hydrogen atom combined with the carbon atom of these 
bases was replaced by a halogen atom, a cyano group, a hydroxyl group, the carboxyl group, the 
carbonyl group, the amino group, the alkoxy group, etc. A univalent organic machine is illustrated. 
Especially, a methyl group and a phenyl group are preferably used from points, such as stability, and 
a methyl group is especially desirable from points, such as volatility. 

[0038] Moreover, it mentioned above, m in (1) formula It is the integer of 0-7. n in (2) formulas is the 
integer of 3-10. If the range which m and n described above is exceeded, viscosity, volatility, 
stability, etc. will fall, when hypoviscosity, good stabiHty, etc. obtain especially m and n - m 
considering as the range of 0-5 - moreover, n It is desirable to consider as the range of 3-7. As the 
above-mentioned example of a low-molecular-weight organic silicon compound Hexa methyl 
disiloxane (MM), octamethyl trisiloxane (MDM), Chain-like poly methyl siloxanes, such as a 
decamethyl tetrapod siloxane (MD2M) Annular poly methyl siloxanes, such as 
octametiiylcyclotetrasiloxane (D4) and decamethyl cyclopentasiloxane (D5), The compound which 
furthermore denaturalized all these all [ a part or ] with other alkyl groups, a phenyl group, an aralkyl 
machine, an alkoxy group, an ester machine, the amino group, the epoxy group, the halogenation 
machine, etc. is mentioned. 

[0039] Extraction of the plasticizer by low-molecular-weight organic silicon compound which was 
mentioned above can **** the stratified Plastic solid of the macromolecule constituent containing a 
plasticizer to a low-molecular-weight organic silicon compound (liquid), or can be carried out by 
various methods, such as exposing the stratified Plastic solid of the macromolecule constituent which 
contains a plasticizer in the steam bath of a low-molecular-weight organic silicon compound. 
Moreover, in case it **** to a low-molecular-weight organic silicon compound, warming, rocking, 
ultrasonic irradiation, etc. can also be used together. 

[0040] the interior of the stratified Plastic solid of that various plasticizers may be dissolved in the 
extracting solvent of a plasticizer which was mentioned above good here, and a macromolecule 
constituent - deep — ahke - until - that it permeates promptiy and a plasticizer may be dissolved 
efficientiy, vaporizing promptiy after dissolution extraction of a plasticizer and not remaining, etc. are 
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called for In addition, it is the property currently searched for in order for the prompt vaporization 
after dissolution extraction of a plasticizer to receive oxidation reduction by the cell voltage if the 
conventional plasticizer extracting solvent remains, and to have a bad influence on a cell property. 
[0041] To the demand property to such a plasticizer extracting solvent, the feature with which it is 
[ on the physical properties of the low-molecular-weight organic silicon compound mentioned 
above ] common is the right solution of a plasticizer which was first described above to the 1st, 
therefore can dissolve almost all plasticizers easily, and can carry out extraction removal of this 
efficiently. 

[0042] Even if surface tension compares [ 2nd ] with the conventional extracting solvent 15 dyn/cm 
order, it is small, and the interior, a detailed portion, etc. of a stratified Plastic solid of a 
macromolecule constituent are permeated quickly, and extraction removal of the plasticizer can be 
carried out in a short time. In case the solid-state polyelectrolyte layer 7 is especially processed and 
produced as a layered product with a positive electrode 1 or a negative electrode 4, the good 
permeability of a low-molecular-weight organic silicon compound demonstrates an effect further. 
[0043] Since it excels in volatility, after dissolution extraction of a plasticizer, it vaporizes promptly, 
and the extraction process of a plasticizer can be carried [ 3rd ] out efficiently. However, since it does 
not have a possibility of having a bad influence on a cell property even if the low-molecular- weight 
organic silicon compound mentioned above remains in the solid-state polyelectrolyte layer 7 and it 
not only does not do a bad influence, but contributes to low viscosity-ization of the nonaqueous- 
solution system electrolytic solution, i.e., the improvement in ionic conductivity, so that it may 
explain in full detail behind, improvement in a cell property can be aimed at. 
[0044] Furthermore, in case the low-molecular-weight organic silicon compound which was 
mentioned above in addition to the feature which was described above carries out dissolution 
extraction of the plasticizer from the stratified Plastic solid of a macromolecule constituent, it does 
not almost shrink the high molecular compound used as the base material of the solid-state 
polyelectrolyte layer 7. This enables it to sink in more nonaqueous-solution system electrolytic 
solutions. This contributes to the improvement of ionic conductivity. Moreover, to a human body, 
environment, etc., since it is very safe, the Idw-molecular-weight organic silicon compound 
mentioned above also has the advantage of not spoiling the fabrication operation environment and the 
earth environment of a cell. 

[0045] it mentioned above - as - dissolution extraction of the plasticizer from thb stratified Plastic 
solid of a macromolecule constituent (1) formula — or — By using the low-molecular- weight organic 
silicon compound expressed with (2) formulas, it becomes possible to carry out extraction removal of 
the plasticizer efficiently for a short time, without making a plasticizer remain. Moreover, the low- 
molecular-weight organic silicon compound used for dissolution extraction will not have a bad 
influence on a cell property, even if it vaporizes for a short time and a low-molecular- weight organic 
silicon compound remains. Furthermore, in order not to almost shrink a high molecular compound, it 
becomes possible to infiltrate more nonaqueous-solution system electrolytic solutions. 
[0046] The high-molecular-compound layer which carried out dissolution extraction of the plasticizer 
by the low-molecular-weight organic siUcon compound turns into a base-material layer of the solid- 
state polyelectrolyte layer 7. And the solid-state polyelectrolyte layer 7 is obtained by infiltrating the 
nonaqueous-solution system electrolytic solution into this high-molecular-compound layer. The 
amount of sinking in of the nonaqueous-solution system electrolytic solution to a high-molecular- 
compound layer is 20 - 70 % of the weight, as mentioned above. The range, especially 50 - 70 % of 
the weight Considering as the range is desirable. 

[0047] Next, the production method of a positive electrode 1 and a negative electrode 4 is described. 
In production of a positive electrode 1, the above-mentioned high molecular compound mixes a 
conductive material to a meltable organic solvent the active material first mentioned above, the high 
molecular compound holding the nonaqueous-solution system electrolytic solution, and if needed, 
and a paste is adjusted. Subsequently, the non-sunk in electrolytic-solution positive-electrode layer 3 
is obtained by producing this paste. The laminating of this is carried out to a charge collector 1, and a 
positive electrode 1 is obtained by infiltrating the nonaqueous-solution system electrolytic solution 
into this. Or the above-mentioned paste can be applied to a charge collector 2, and the nonaqueous- 
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' solution system electrolytic solution can be infiltrated into this. After producing a layered product 
with the solid-state polyelectrolyte layer 7, you may carry out sinking [ of the nonaqueous-solution 
system electrolytic solution ] in. In addition, the negative electrode 4 as well as a positive electrode 1 
is produced fundamentally. 

[0048] Here, you may produce the positive-electrode layer 3 and the negative-electrode layer 6 which 
are an active material layer through the process which carries out dissolution extraction by the low- 
molecular-weight organic silicon compound which mentioned the plasticizer above while using the 
macromolecule constituent which blended the plasticizer like the solid-state polyelectrolyte layer 7 
mentioned above. That is, you may form the positive-electrode layer 3 and the negative-electrode 
layer 6 by carrying out dissolution extraction of the plasticizer by the low-molecular-weight organic 
silicon compound mentioned above from this film (layer)-like Plastic solid after pasting the active 
material, the high molecular compound used as the base-material layer of the positive-electrode layer 
3 or the negative-electrode layer 6, and the macromolecule constituent containing a plasticizer using 
the organic solvent and producing this paste, and infiltrating the nonaqueous-solution system 
electrolytic solution after that. 

[0049] Since the amount of sinking in of the nonaqueous-solution system electrolytic solution to the 
positive-electrode layer 3 or the negative-electrode layer 6 can be raised by applying the manufacture 
method which was mentioned above, improvement in a cell property can be aimed at further. 
Furthermore, since the low-molecular-weight organic silicon compound mentioned above raises the 
surface activity of the active material contained in this stratified Plastic solid in case it carries out 
dissolution extraction of the plasticizer from the stratified Plastic solid of a macromolecule 
constituent, about a lithium ion, it intercalates, or is easy to deintercalate and it becomes an active 
material layer. By this, it can raise fully supplying cell capacity to a load from a bird clapper as it is 
possible to reduce the internal impedance of a cell, i.e., the so-called cell efficiency. 
[0050] In the operation form mentioned above, although the manufacture method of this invention 
was explained about the case where a solid-state polyelectrolyte type lithium secondary battery is 
manufactured, this invention is not restricted to this, and if it is an ionic conduction type solid-state 
polyelectrolyte type cell, it is applicable to manufacture of various cells. Specifically, they are (-) 
Li/LiAlG14-SOC12 / SOC12. The tiiionyl chloride lithium ceU shown by (+) etc., and (-) Li/Mn02 It is 
possible to apply to manufacture of the lithium button cell (small cell) shown by (+) etc., the polymer 
battery using the conductive polymer, etc. 

[0051] by the way, the above (1) formula - or - the feature which the low-molecular-weight organic 
silicon compound expressed with (2) formulas mentioned above - in addition, while being 
essentially hypoviscosity, the viscosity change in the temperature requirement of a cell busy condition 
is small, and it has the feature which stability says further that it is high and there is litde chemical 
change by the cell voltage That is, a low-molecular-weight organic silicon compound is stable also in 
about [ which is the high field of the oxidation reduction potential of the usual nonaqueous-solution 
system cell ] 5V, and change which has a bad influence on a cell reaction is not shown, but acts on 
the fi*ont face of an electrode active material further, and gives a desirable surface treatment. 
[0052] Therefore, as the operation form of the manufacture method of this invention mentioned 
above described, even if the low-molecular-weight organic silicon compound used for dissolution 
extraction of a plasticizer remains, it cannot have a bad influence on a cell property, and a low- 
molecular-weight organic silicon compound can be used as one component of the nonaqueous- 
solution system electrolytic solution still more positively. The nonaqueous-solution system 
electrolytic solution for cells of this invention consists of a nonaqueous-solution system electrolytic- 
solution constituent which contains a low-molecular-weight organic siUcon compound inevitably or 
positively as described above. 

[0053] A low-molecular-weight organic silicon compound is the hypoviscosity, and viscosity change 
can make the nonaqueous-solution system electrolytic solution contain it as an ion conductivity 
improver using the property of being small. Since the volatility of metal ions, such as a lithimn ion, 
can be raised and the good ion conductivity can be kept stable by this, it becomes possible to obtain a 
cell with little temperature dependence. 

[0054] Since the low-molecular-weight organic silicon compound as this ion conductivity improver 
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not only contributes to the viscosity down of the nonaqueous-solution system electrolytic solution, 
but has further the operation which raises the surface activity of an electrode active material as 
described above, it contributes also to improvement in the plain-gauze fibers for plastering of the 
intercalation of the metal ion in the positive-electrode layer 3 and the negative-electrode layer 6, and 
a day intercalation. The internal impedance of a cell can be reduced and this enables it to aim at an 
improvement of cell efficiency. 

[0055] Furthermore, as mentioned above, it excels in stability, and a low-molecular-weight organic 
silicon compound has Uttle chemical change by the cell voltage, and since it is rich in degradation- 
proof nature, even if it uses it for a long period of time, it can obtain a quality cell with litde property 
degradation by using the nonaqueous-solution system electrolytic solution using the low-molecular- 
weight organic silicon compound as one component. 

[0056] Here, the non-drainage system solvent in the nonaqueous-solution system electrolytic solution 
is usually used as a mixed solvent which combined the solvent which has a high dielectric constant as 
mentioned above, and the solvent of hypoviscosity . A low-molecular-weight organic silicon 
compound can be blended and used for the conventional nonaqueous-solution system electrolytic 
solution as an ion conductivity improver, as mentioned above, and although used as some low 
viscosity solvents described above in this case, it is also possible to use as a subject of a low viscosity 
solvent further. Also in this case, a low-molecular-weight organic silicon compound cannot be 
overemphasized by functioning as an ion conductivity improver. 

[0057] Also in any of a use form of a low-molecular-weight organic silicon compound which was 
described above, it is desirable to use what is excellent in a low-molecular-weight organic silicon 
compound and compatibility for other solvents, and a solvation coefficient (SP value) a low- 
molecular-weight organic siUcon compound specifically Since it is five to about six, a solvation 
coefficient (SP value) It is desirable to use the hydrocarbon system organic solvent which is four to 
about 13. This is for compatibility to fall, if the difference of a solvation coefficient (SP value) is not 
much large, and is the more desirable solvation coefficient (SP value) of a hydrocarbon system 
organic solvent. It is the range of 5-10. as the solvent which specifically has a high dielectric constant 
- gamma-butyrolactone (gamma-BL) etc. ~ moreover, a tetrahydrofuran (THF), 2-methyl 
tetrahydrofuran, etc. are mentioned as a hypoviscosity solvent used together That is, as the 
nonaqueous-solution system electrolytic solution which blended the low-molecular- weight organic 
silicon compound, an electrolyte, a low-molecular-weight organic silicon compound, and a solvation 
coefficient (SP value) It is desirable to use the nonaqueous-solution system electrolytic-solution 
constituent containing about (five to about [ Preferably ] 10) four to 13 hydrocarbon system organic 
solvent. 

[0058] Loadings of the low-molecular-weight organic silicon compound in the nonaqueous-solution 
system electrolytic solution 3 - 95 % of the weight Considering as the range is desirable. The loadings 
of a low-molecular- weight organic silicon compound are 3 % of the weight. The hypoviscosity 
property of the low-molecular-weight organic silicon compound concerned is it hard to be 
demonstrated to be the following notably, and, on the other hand, it is 95 % of the weight. Since the 
dielectric constant of a combination solvent composition system will fully be hard to be maintained if 
it exceeds, it becomes less not suitable in the quality of the solvent for cells. Especially, when 
considering as the good solvent for cells of the balance which fully demonstrated these both special 
feature, they are the loadings of a low-molecular-weight organic silicon compound. 5 - 80 % of the 
weight Considering as the range is desirable. 

[0059] the chain-like organic silicon compound to which the low-molecular-weight organic silicon 
compound used as one component of the nonaqueous-solution system electrolytic solution is 
expressed with (1) formula — and ~ Although you may be any of the annular organic silicon 
compound expressed with (2) formulas, a chain-like organic silicon compound with lower viscosity is 
used preferably. Moreover, it is 95 - 10 % of the weight about the compounding ratio to the annular 
organic silicon compound of a chain-hke orgamc silicon compound with viscosity lower when using 
it as such mixture. Considering as the range is desirable and it is 90 - 50 % of the weight more 
preferably. It is a range. 

[0060] The nonaqueous-solution system electrolytic solution which a low-molecular-weight organic 
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silicon compound which was mentioned above contained inevitably, or the nonaqueous-solution 
system electrolytic solution blended positively is preferably used for the solid-state polyelectrolyte 
type lithium secondary battery of the operation form mentioned above, for example. The concrete 
composition of a lithium secondary battery is as having mentioned above, and the lithium secondary 
battery using the solution system electrolytic solution containing this low-molecular-weight organic 
silicon compound serves as an operation form of the solid-state polyelectrolyte type cell of this 
invention. 

[0061] Moreover, irrespective of the existence of intervention of a plasticizer, it can be used for the 
various solid-state polyelectrolyte type cells mentioned above, and also the solution system 
electrolytic solution containing the above-mentioned low-molecular-weight organic silicon 
compound can be used as the electrolytic solution of not only a solid-state polyelectrolyte type cell 
but various kinds of nonaqueous-solution system cells. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



EXAMPLE 

[Example] Next, the concrete example of this invention is explained. 

[0063] examples 1-2 and the examples 1-4 of comparison - the example of the manufacture method 
of the solid-state polyelectrolyte type cell of this invention is explained first It is LiCo02 as an active 
material of a positive electrode. The lithium content cobalt oxide expressed. (Japan Metals & 
Chemicals Co., Ltd. make), as the high molecular compound which holds acetylene black and the 
nonaqueous-solution system electrolytic solution as a conductive material, and functions as a binder 
(VdF-HFrho) - copolymer powder (the product made from ERUFATOKEMU -) Kynar 2801 and 
the copolymerization ratio of VdFiHFP prepared the dibutyl phthalate (DBF) as 88:12 and a 
plasticizer, and in the acetone as a solvent, it mixed and they pasted these so that it might be set to 
56:5:17:22 by the weight ratio. About 150 micrometers in thickness it is thin in a positive-electrode 
layer by vaporizing the above-mentioned solvent after applying this paste by the knife coating 
machine on the aluminum mesh as a charge collector The plasticizer content stratified Plastic solid 
was produced. 

[0064] The DBF same as the copolymer powder same (VdF-HFrho) as a high molecular compound 
which holds a mesophase pitch based carbon fiber (Product made from PETOKA) and the 
nonaqueous-solution system electrolytic solution as an active material of a negative electrode, and 
functions as a binder on the other hand as a positive electrode, and a plasticizer as a positive electrode 
was prepared, in the acetone as a solvent, it mixed and these were pasted so that it might be set to 
58:17:25 by the weight ratio. Thickness abbreviation which serves as a negative-electrode layer by 
vaporizing the above-mentioned solvent after applying this paste by the knife coating machine on the 
copper mesh as a charge collector 130 micrometers The plasticizer content stratified Plastic solid was 
produced. 

[0065] Next, like the above-mentioned positive electrode and the above-mentioned negative 
electrode, in the acetone as a solvent, it mixed and the copolymer (VdF-HFP) as a high molecular 
compound and DBP as a plasticizer holding the nonaqueous-solution system electrolytic solution 
were pasted so that it mi^t be set to 50:50 by the weight ratio. About 90 micrometers in thickness 
which exfoliates from a glass plate and serves as a base-material layer of a solid-state polyelectrolyte 
layer after applying this paste by the knife coating machine on a glass plate and vaporizing the above- 
mentioned solvent The plasticizer content stratified Plastic solid was produced. 
[0066] Thus, after carrying out the laminating of the stratified Plastic solid and charge collector used 
as the stratified Plastic soHd used as a charge collector [ used as the obtained positive electrode ] and 
stratified Plastic-solid, and solid-state polyelectrolyte layer, and a negative electrode in this sequence, 
it was stuck by pressure by the hot calender roll of 403K, and the laminated-structure object which 
becomes the origin of the cell cell 8 shown in drawing 1 was produced. 

[0067] Next, hexa methyl disiloxane (MM) was first used for the extracting solvent of DBP as an 
example 1, the above-mentioned laminated-structure object was immersed in MM of ordinary 
temperature, dissolution extraction was carried out and DBP which is a plasticizer was removed. It is 
the degree of ultraviolet-rays spectral extinction about the removal grade of DBP. 275 micrometers 
As a result of pursuing on wavelength, it is time until it is no longer detected. They were 5-8 
minutes. 

[0068] Moreover, octamethylcyclotetrasiloxane (D4) was used for the extracting solvent of DBP as 
an example 2, the laminated-structure object produced similarly was immersed in D4 of ordinary 
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temperature, dissolution extraction was carried out and DBP which is a plasticizer was removed. As a 
result of pursuing the removal grade of DBP like an example 1 , it is time until it is no Imiger 
detected. It was 7 - 10 minutes. 

[0069] As an example of comparison with this invention, diethylether (example 1 of comparison), the 
methanol (example 2 of comparison), and the laminated-structure object through which it passed and 
that was produced similarly, using Korean geisha (example 3 of comparison) respectively were 
immersed in the extracting solvent of DBP at each organic solvent of ordinary temperature, 
dissolution extraction was carried out and DBP which is a plasticizer was removed. As a result of 
pursuing the removal grade of DBP like an example 1, time was 10 - 15 minutes, 17 - 25 minutes, 
and 30 - 40 minutes, respectively until it was no longer detected. 

[0070] It turns out that MM of an example 1 and two exampleD4 are extremely excellent in the 
extraction capacity of DBP so that clearly from the above-mentioned removal result of DBP. MM and 
D4 have [ this ] small surface tension compared with the extracting solvent of the example of 
comparison ~ originating - **** ~ the sake ~ MM and D4 ~ the interior of the laminated-structure 
object of a cell ~ deep ~ alike ~ until ~ it permeates prompfly and this can remove DBP in a short 
time 

[0071] Moreover, since an extracting solvent needed vaporizing promptly and not making it remain 
from a laminated-structure object after extraction of DBP is completed (however, there is nothing a 
between title even if it remains in the case of low-molecular-weight organic silicon compounds by 
this invention, such as MM), the cell laminated-structure object concerned was left in the room 
temperature after the removal end of DBP, and time until an extracting solvent stops remaining inside 
was measured. Consequently, the example 1 was [ each example of comparison of the example 2 ] 10 
- 15 minutes, 50 - 70 minutes, and 120 minutes or more for 17 to 22 minutes for 15 to 20 minutes, 
respectively. 

[0072] Thus, to the cell laminated-structure object of each example which removed DBP completely, 
and each example of comparison, it is a volume ratio about ethylene carbonate (EC) and dimethyl 
carbonate (DMC). It is one-mol LiPF6 at ordinary temperature to the mixed solvent mixed by 2:1. 
The ******** system electrolytic solution which dissolved and prepared the electrolyte was sunk in, 
respectively, this wet out rate is very quick ~ also after that, although the amount of saturation 
sinidng in is niostly reached in 5 minutes, in order to sink in, in this example, a few was immersed for 
20 minutes and infiltrated 

[0073] Thus, obtained area 4cm2 About the cell cell of each example and each example of 
comparison, the rate of impregnation, ionic conductivity, and internal impedance of tiie electrolytic 
solution were measured. Moreover, about each cell cell into which these electrolytes were infiltrated, 
after charging to 4.2V by the charging current of IC, the charge-and-discharge cycle which 
discharges with the current of IC to 2.7V was repeated, and each capacity maintenance factor to the 
initial cell capacity of a deed^ the initial cell capacity (mAh) of 1 cycle eye and 10 cycles, 50 cycle, 
and a 100 cycle eye was measured. These measurement results are shown in Table 1. In addition, 
except not using DBP in the above-mentioned example, the example 4 of comparison shown in Table 
1 produces a cell cell similarly, and performs same measurement about this cell cell. 
[0074] 
[Table 1] 
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Since hexa methyl disiloxane (MM) and octamethylcyclotetrasiloxane (D4) do not shrink a high 
molecular compound, in an example 1 and the example 2, they can enlarge rate of impregnation of 
the electrolytic solution, and, therefore, are understood that ionic conductivity is good, initial cell 
capacity is large and a charge-and-discharge cycle property is also good, so that clearly from Table 1. 
Moreover, based on the refomiing effect on the front face of an active material by MM or D4, for this 
reason, the thing with the low intemal impedance of a cell can fully supply cell capacity to a load, and 
is excellent in the so-called cell efficiency. 

[0075] In order to shrink the high molecular compound concerned at the same time it extracts DBP 
from a high molecular compound to these by each extracting solvent by the examples 1-3 of 
comparison, the amount of sinking in of the part ion electrolytic solution decreases, the initial cell 
capacity of a cell is low, and a charge-and-discharge cycle property is also bad. Moreover, the intemal 
impedance of a cell is also known by that it is high compared with an example. 
[0076] In addition, the result with the same said of the case where replaced with MM of the above- 
mentioned example 1, and octamethyl trisiloxane (MDM) and a decamethyl tetrapod siloxane 
(MD2M) are used was obtained, and the result with the same said of the case where replaced with the 
two above-mentioned exampleD4, and decamethyl cyclopentasiloxane (D5) is used was bbtained. 
[0077] Examples 3-4, the example 5 of comparison, next the example of the solid-state 
polyelectrolyte type cell of this invention are explained. 

[0078] The mixed weight ratio of this, methylethyl carbonate (MEC), and gamma-butyrolactone, 
using hexa methyl disiloxane (MM) as a low-molecular-weight organic silicon compound About the 
partially aromatic solvent (solvation coefficient (SP value) =9.5) of 1:1, the compounding ratio of 
MM is 30 % of the weight to the above-mentioned partially aromatic solvent. It mixes so that it may 
become, and it is in ordinary temperature to this mixed solvent. One-mol LiPF6 The electrolyte was 
dissolved and the nonaqueous-solution system electrolytic solution (example 3) was prepared. 
[0079] Moreover, octamethylcyclotetrasiloxane (D4) is used as a low-molecular-weight organic 
silicon compound, and, for the weight ratio of this, dimethyl carbonate, and a sulfolane, the 
compounding ratio of D4 is 45 % of the weight about the hquid (solvation coefficient (SP value) 
=10.2) of 2:1. It mixes so that it may become, and it is in ordinary temperature to this mixed solvent. 
Two mols LiBF4 The electrolyte was dissolved and the nonaqueous-solution system electrolytic 
solution (example 4) was prepared. 

[0080] Furthermore, it is a weight ratio about methylethyl carbonate (MEC) and gan^na- 
butyrolactone as an example 5 of comparison. It mixes so that it may be set to 1:1, and it is in 
ordinary temperature to this mixed solvent. One mol LiPF6 The electrolyte was dissolved and the 

nonaqueous-solution system electrolytic solution was prepared. 

[0081] It sank into the cell laminated- structure object which produced each nonaqueous-solution 
system electrolytic solution by each examples 3 and 4 and the example 5 of comparison which were 
mentioned above Uke the above-mentioned examples 1 and 2 and the example 1 of comparison, 
respectively (sinking-in time =20 minute). 

[0082] Thus, obtained area 4cm2 About the cell cell of each example and each example of 
comparison, the rate of impregnation, ionic conductivity, and intemal impedance of die electrolytic 
solution were measured. Moreover, about each cell cell into which these electrolytes were infiltrated, 
after charging to 4.2V by the charging current of IC, the charge-and-discharge cycle which 
discharges with the current of IC to 2.7V was repeated, and each capacity maintenance factor to the 
initial cell capacity of a deed, the initial cell capacity (mAh) of 1 cycle eye and 10 cycles, 50 cycle, 
and a 100 cycle eye was measured. These measurement results are shown in Table 2. 
[Table 2] 
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It turns out lhat the cell using the nonaqueous-solution system electrolytic solution which blended 
hexa methyl disiloxane (MM) and octamethylcyclotetrasiloxane (D4) is excellent in each of ionic 
conductivity, internal impedance, initial cell capacity, and charge-and-discharge cycle properties so 
that clearly from Table 2. Especially, in the example 3 and the example 4, since ionic conductivity 
improved by leaps and bounds, even if it performed the charge and discharge of 2-3C, the flattery 
nature of movement between poles of electrolyte ion was good, and, thereby, broadening was shown 
in the correspondence to the big load of boosting charge and service capacity. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused hy the use of this translation. 

1. This docximent has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 11 It is the perspective diagram showing the important section composition of the solid- 
state polyelectrolyte type lithium secondary battery by 1 operation gestalt of this invention. 
[Description of Notations] 
1 .... Positive electrode 

2 5 .... Charge collector 

3 .... Positive-electrode layer 
4 .... Negative electrode 

6 .... Negative-electrode layer 

7 .... Solid-state polyelectrolyte layer 

8 .... Cell cell 
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DRAWINGS 
[Drawing 1] 
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